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ABSTRACT 
Since most.conventional methods used for sizing lines 
are based on data for a very specific situation., a computer 
program was developed, which straightforwardly. sums up al1.. 
installed material costs,and the power co~t as;;ociatoci with1 
the pressure drop 1n the line. The cliamet~r is varied unti1. 
· the standard line size which y:i_elds the lowest y,,~arly total:. 
cost is found. 
The program is capable of handling both si11glc Gnd 
two phase flow •• 
The results show ·Eln. aver·agc yearly savings of $,}'. '177.36 
per line. The yearly savings per line ranges from $:o.o to.i 
$20.~62. 
Imi?eneral,, the program predicted lime r;izes, which 
wer.e one or t'wo st&ndard sizes smaller· th&n predicte<l 
by:; the optimum velocity method(due to .. the sharp irrcreo.sc 
in1mater1ai costs, in~relation to. po11er costs.) 
This report provides a useful tool for sizing lines 
based· on:-, exact cost estimates, and can provide useful!. 
information in developing a correlation for the optimumil 
lint size., based orr1 current cost data • 
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INTRODUCTION 
The practice of sizing lines for process plants is largely .. based on, the method developed by the E. I. Du Pont de Nemours and Co. Most art i.cles pu":;lished on trie sub :i ect present methods for a specific situation, such ns for Schedule 40 steel pipe(Fig. 5--31 Perryts l-frndbookl). The equation ueveloped in the Du Pont Gtu:iy (E:iuation 5-90 Perryts Handbook1). is quite general, hosever tt is qui tc comber some to use and requires fitting cm·r-ent 
cost data to a given equ&tion. 
economic evaluation of all installed material eost~, and 
the calculation of a power cost for on associ£itsd prt:;_;~~1.:1·u drop •. The program is capable of co.lculo.ting a pres~;urf-
drop for either single or two phase flow. As dioi110tcr 
increases, ma teriul costs increase, vhile the power (movin~:) 
cost decreases. The sum of energy and raatericl co~ts is 
evaluated as diame.ter is varied, and a ni1)imur.1 is cstaulishc:d 
at a fixed diameter (sec fig 1, Sfmpson8 article). Mt tcr i(!l 
cost data includes costs for piping, fittings (an° ellbo'.1~ 
and tees),. and valves, for the various meterials,; schecwlcs,1 
and sizes used in cryogenic plants. Also included arc incremental material costs for the pumpi~ or ·comprcssi!1it 
equipment., and insulation costs of the required ma.tnriHl[; 
and thicknesses. The material costs are calculated on n yearly, basis, with a user supplied pay out time. 
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Also included are allowances for 1nsuran.oc., tu.i'.CS.,., ovcrh0r.t1,, 
interest,. return on investment.,.· and an income tax allo· .. :,J nee:, 
as percentages of the total material cost. Therm percr::ntc1c;es 
are also user supplied. In the calculation of pover co~)t~ ,, 
a choice of motor or stea.m turbine driven comprE:~;sor~ c:[Jc.i. 
pumps is given, with the user supplying. &.n ov8r811 efi'ic i(~ncy 
for driver and mover, and a cost for electric pmrer or steam • 
Parameters also supplied by the user include the schedule 
and material for pipes, fittings and vril vcs, the number of 
ellbows and tees, the line length, material c:~nd thicknc~:..: 
of insulation,, liquid and vc.:.por flow r2.tcs,.~ suction ond 
discharge pressures for the pump or compressor, and [i· 
labor rate for installation • 
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METHOD OF' SOLUTION AND DEVI:LOPHF:l~T OF PHOGRfJ,1 
Hain Frogrnm 
The computer program developed, consists of five 
sul:''t'ontines, a olock da.t& snhpr·ogri-,m; and the mair. p:irogrGm. 
The Main,,program reads in material arr.i installi.tion costs 
for valves, anci stores these costs into e.rrays. Subroo.tin8 
INI~L1AL is then called, -which makes an ini tir,l ostiwi lil! of 
diameter. Subroutine OPTD is then Cillled, irhich Is tar-ts with: 
the initial estimate of diameter from subrrn1tine INITAL, 
· calls the remaining subroutines, t.n 1i determines a toti:'.l 
yearly cost for· this diameter.. The diamet(-;r is thC;!1 v,:rieci 
in the appropri~:..te direction, until a minimum total cost is 
found. 
Bloc t . .J)J t ~--SJJ)~ . .PI.C? E_r ~E. 
The block data subprogram assigns default values for 
all namelist input variables. All of these variables o.re 
passed to the remaining subroutines by means of labelled 
common statements (see µrogrc:im listing). 
Suhro,1tine INITAL 
Subroutine INITAL calculates an initial cstimrrte of 
diameter by means of an economic velocity method. This 
method is based on values obtained from Fig. 5-31 of 
Perryrs Handbook1,,for Schedule 40 steel pipe. Tho following 
equation was formulated by the Process Engineering Dcp2rtment 
at Air Products and Chemicals Inc.~ usiil{t the snme d~: t[1. e.s 
a basis. 
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50.94 V opt-,. 1:iu. l 
-.· . , .... • .... -- -
for 
~s 9.o 
where: ~ -= fluid density (lb./ft3), 
V~pt:.. optimum velocity (ft/sec) 
The optimuro:~inside diameter can then be calculated by the 
following formula: 
where:: 
w0.5 d · ~ 0 0316 --·-1'J.1'.'."' l . po.o;) 
di= opti~mu:1 inside diameter (in,) 
W-=.. ma.ss flow rate (lh/hr) 
Subroutine D};1P 
Subroutine DELP is callGd ench time the diameter is changed. 
The main purpose of the subroutine is to calc-c~l,~. te the 
pressure drop through the line and associated fittings a.no. 
valves. An equivilent length of line is calculeted by 
summing all of the (LID) f2ctors for the fittings and valves, 
multi:µlying by the diameter, and ad::iii.jg the result to the 
overall length of the line. Subroutine DELP is capable of 
handling both single and tvo phase calculations. 
For single phase flow, pressure drop is calculated 
bi, the ·well knownnDarcy(friction factor) e~~uation, given by: 
whe:tt~: 
6 P/L = Pi'essure drop per unit length (psi/ft) 
r:. fanning friction--factor 
•, 
.·, 
.. , 
~ 
' I, 
i 
I I I 
I I / '1 
The curve for f versus Reynolds number for commercial pipe 
was fitted to the following equation for turbulent flow: 
f=0.0014 + 0.125(Re-0.32), 
and for Laminar flow: 
f=l6.0/Re • 
. The calculation of pressure drop for two-phase flow 
is more involved. The Chenoweth-Hartin2 method was used. 
since extended data for the cryogenic region was made 
available by Air Products and.Chemicals Inc •. The paramet..ors fun this 
correlation incluue liquid volume fraction,~Pt 0 /.D..p1*, 
... 
~ Ptp = two phase pressure drop 
. 
• 1 ~ P1* =ficticOUB all liquid pressure drop , 
. 
. 
. ~ Po* =ficticous. all ~apor pressure drop , 
and are correlated by a double logarithmic plot (see fig_. 8 
Chenoweth Martinr:article2). The ficticious all liquid . 
·pressure drop is computed from the total mass flow rate 
(WG + WL), ~nd the physical properties of the liquid. A 
Reynolds numher is computed by.: 
Re1* = (Gt -t Gv) d ljl L 
* 
. A.corresponding frictionnfactor,:fL is then computed from 
Re1*, and 6.Pa*/~P1* is computed by,: 
, D.Pa*/6.P1*=ro*fr/f1*fG • 
Values for the parametersilI\p/,.6p1*,LlPa~/D..P1*, and 
Liquid volume fraction(LVF) are entered into data statements 
' 
·and· storea--1nto-arrats:-
·, 
·'. 
1 
1 
; 1 
' l 
•. 1 
' 
A double logarithmic interpolation is the~performed in 
· order to ob.tain~Ptplb.Pt* for a,.givemva;lue of LVF and 
A.Po*/l:lP
1
* . The following_.will demonstrate the proceedure 
used far double logarithlnic interpolation. The Parameter 
fl Pa* /~PL* is represented by 'f', the liquid volume fraction 
bf.; LVF anm~ Pt1/~ Pt*,, bf z. 
L\'l' 1 LVF2 LVF3 
\f)1 Zill zl2 Z13 
lf ~ Z22 
% n~l z32 Z33 
(log Y'3 -log 'i'ol. ) 
{l~g l3 -log 't' 1 ) 
The' ·parameter~Ptp/~ L1i the two phase pressure drop per 
unit length(psi/ft) is ~a.lculated from~ Ptp */~Pt'\, by 
the following relation~ .. . 
l . 
7 
' 
-· 
' . 
••• 
• 
• 
f1*(G;o+ G1) 
3xlo10f t. d 
A value of total pressure drop in the line is ·calculated by. 
multinlying A Etpl~ L by the equivilent length of the lin-m. 
In designing for two phase flow, it is desirable for 
the designer to avoid the slug flm;: regime. Parameters for 
.. f, ~ determining the flow regime were thus calculated for both 
horizontal and vertical, two phase flow. For horizontal 
flow, the Baker Pa.rarneters were evaluated, Given ty the 
following relations: 
where: 
By= 2 .16 WG/ A J~L. re, 
Bx o.027(WafWL)(JpL f& I pL<113 Hjt~1'lnt) , 
WG::gas flow rate (lb/hr) 
WL =li~uid flow rate (lh/hr) 
f-t = liquid density (lb/ft3) 
.I I ~ ~~ = g~s density (lb/ft') 
A-::-cross sectional area (ft~) 
Gt= surface tension (lb/ft) 
J"'L = liquid viscosity (lb/ft-hr) 
.,/' 
A plot showing the various flow regimes as a function of 
or thes·e parameters is given in an article by Anderson and 
Russel·. 6 
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. :·,: · · ··. · .. ··~<;>r vertical flow,J three different methods were used 
·. to obtain flow regime data, The J0~ and JL* parameter_s 
. · .·-:·. · were evaluated by the following equations: 
·: ' . 
, ··"' 
where: 
Jo*:.: VoJ~/( fL - fc, ) /fi:"d 
. :,·L *=Jo*(Wr/Wo)j~ / f ._ 
,. · v0 =- vapor velocity 
g: 32.~ 
d: diam(ft) 
(ft/sec) 
•. . . . 
.' .. ~- .. 
.· . ~ 
· .. -·~ f •, • ·. 
wL~l1qu1d flow rate (lb/hr) 
.. 
'. 
...... -.. 
; 
,·:..,. _.,_.,· .. 
. " w0-vapor flow rate (lb/hr) "" 
. 
,. , 
* 
. 
. 
. If Jo S 0,4 + 0.6 JL *, flow is in t~e slug flow regime. 
· The Govier Radford and Dunn Parameters were evaluated 
by the following relations: 
. : ; 
. 
. V1=Wr/fL 
Rv-=Wo ~I. /WL fc, 
-.~ ~ . ... ... 
1 · ••• , 
. ,' 
.. · The flow regime can be found from fig. 5 in the Anderson. 
and Russel article,6 
The Griffith and Wallis 1>arameter~ were evaluated by the 
following formtilasz, 
where: 
, I 
. .c 
. . . \. ' 
. ' ~ . ,· 
.•, .· .... 
~ . : .... 
VVF = Qo/ ( QL :t Qo)) 
Frv= ( (QL_ - Q0)/ A)2 / g_, d 
. . . '. •. ','.'' ·, 
. · : .. · .· _.· ·QL~ WL /fL 
·._·_ · · ·Qo= wo/ (.) 
·:. · ..... .-_· ·. . \C. 
i' .• 
o\ 
•: . 
.{ ., 
·· .. ·-' .. ,. 
·,. 
., ~ . . ' 
'·: .·T.he tlow regime can be found from fig 4,., Anderson and 
, ··aussel article. 6 
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... ·:·>{> .-The Govier and Aziz parameters were evaluated by the 
·.:·._:; ..... ~~llowi~g relatio~si , . '·· . 
· : . IVG = ( fa. 73/62 ,3 x o-).114cwa/3600 \<o A)( re. /0, ~75) l/3 
.. ·; .. · .···: . · .. · _YVL= ( ~t 73/62.3xo-)1!4 (WL/3600 \L N,} 
~e·r1ow regime can be determined from fig 8.9 pg 337, 
.c,f the Govier and Aziz Book.7 
Subroutine MOVCST 
The purpose of subroutine MOVCST· is to determine a 
value or brake horsepower required,_due to the value of 
· . pressure drop calculated in sul:iroutirm DELP. ~'1-.incremental 
. equipment cost., due to the· added· ·horsepower needed for the 
pressure drop in the line under test, is also calculated. 
The foilorring formulas from the Manual for Erocess 
· Engineering Calculations3,,we!e used for brake horsepower 
calculations for pumps and compressors, respectively. 
:. . 
. where: 
BHP= (GPM DDP)/(1713 EFFCY) 
·. BHP:.( (1.44 P1, ·14: K)//(33000. EFFcy) ):(_(P2/P~)T/it,_ l) 
• · " r ·• _:· • ' , \ ' • ·• ; " ; ... ••• • • 
. . . ·. ' . . 
.;, • \ I ,• • : .' .:, '.'~I ·, !, • • : • • .;.,. 
t ,• I ,,:-
'.,, ! ,, ; , ~ l. t_ .. • : ,'1 • \ ..... ! , .. 0 - ..... ~ , , ~--. • 
GPM;:.flow rate (gal/mm) 
DDP-=Pressure drop in line 
· . ·, . EFFCY =-Efficiency 
,. · P1 -= Suction:.Pressure '"'.' Compressor 
~2 = Discharge Pressure - Compressor 
, . 
.. . ' ; . -~. ·. ... . K = (Cp/Cv)/{ (Cp/Cv) - 1) 
·. The calculation f'or pumps is straightforward • 
... 
... •.· . 
.. ' \,' '. .•. ~· 
. -· 
.·.,.:. ~ • • • • 1,.• ~~- _.,,, ;, •' .I • • •, • 
.. 
• • I• ' ' '• ~ 
~ . 
.!;' 
I 
I 
,! 
( 
1: 
•,· 
.For compressor calculations, the user will input a suction 
't: ::-- .. pressure' a required pressure at the end or the line, and a 
· . pressure drop through the lines and equipment between. the '. 
·._.·line under test, and· the c~mpressor •. A discharge pressure 
.. _:. · is first calculated, b.ased ou. the pressure drop through the 
. ' 
... 
' 
equipment and lines,.; not including the pressure· drop through 
the line under test, and the required·outlet·:Pressure. A 
second discharge .. pressure is calculated,.,.addiag the effect 
of the pressure drop of the line under test. Two calculations 
or brake-horsepower are made, based on.::the two discharge 
pressures~ with the difference giving the horsepower 
associated with the pressure drop in~the line under test. 
Equipment cost data for pumps\and compressors, was 
e>btained._ from· a Capital Cost .Estin;la ting Article by Guthrie. 4 
The. c~ves presented in th~s ar~ic~e were fitted to 
equatiqns, with the following r~sults. . 
. ; 
fqr ·centrifugal ·:electric .motor driyen pumps: 
. 
., 
Cost=49.Q. t l.2(CH)O.? 
For centrifugal turbine dri venn pun,.ps:. 
. . . . Cost=· 620~59 +' 0~905(CH)O.?BG -: .. · .! ;,• 
·. . . 
. 
~ · .. ,. ";. For Reciprocating electric motor driven pumps: 
\·:_ .c~st =il49.59 + l.94(CH)0•797 
.·. . ti~. J 
•. i . 
' ~·.:. 
· Fol Reciprocating turb~~ \iri'ire~ pumps: 
, · Cost; 166.63 ~ b.6·5.3(CH)o. 729 
I W '• j 1 
• : 'r. :. , • ~ ~ • 
· '.: -.:·:.·::ror compress~rs: . : ·: .. ·:.\); .· . . . .· .. 
.. :..1 . :.. • ·: ·.· ., :1· ~ .... , . .' :.,.··cf.\~~-·1073(B. H.P)0•64 FD, , .... ··.\.' -::· . 
t.· ,•' 
: -~ . 
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where: 
CH= flowrate(gal/min) x (psi difference) 
BHP= brake horsepower of compressor , 
and F0 = 1.00 :or centrifugal/motor driven 
F0 = 1.07 for reciprocating/steam t1J.rbine 
F0 =l.15 for centrifugal/steam turbine 
Fn=l.29 for Reciprocating/motor driven 
A factor for the "field installationnmodules", as 
described ~the Guthrie article4 has also been added. 
For pumps, this factor gives a total cost · . .rhich is 2.324 times 
the base cost. For compressors, the total cost is 2.048 
times the base cost. This study by Guthrie · ..,as made in 
mid 1968. The costs were thus updated by the following, 
formula from the Engineering Index for chemical plants. 
· 
· 222 Cost= (base cost) (1.00379)M/(l.00379) 
Where M-lis the month number(Basis: Jan .. 1950 Month #1). 
With .Tun. 1950 being Month #l., Month #222 correspor..x:ls to Jun.e,, 
... 1968. 
Subroutine ECON 
. ' 
' 
' 
Subroutine ECON·,; calculates a yearly total cost 
associated "·1th the line to be sized. All of the material 
costs, including installation, are summed,, resulting irrJa 
total capital cost •. The following method is used to 
obtain a yearly capital cost, accounting for depreciation,, 
taxes,. insurance, overhead, interest, return on investment, 
·, and an income tax ~llowance • 
-.. ···-~--.--,··.· ....... .,..,. ........... I" .. . ,._ , .... : .... 
f" 
' ' 
---··-·· -------·---··--
.. ·. Deprec1ation(l5 vr. payout) 
·.·Taxes 
Insurance 
O)erbead 
Interest 
I 
Return on In.¥estment 
6.7% 
2.0% 
0.5% 
1.1% 
8 •. 4% 
, 10.·5% 
29.2% 
Income Tax Credit 
- .467% 
28.73% 
--This percentage is multiplied by the total material cost, 
to obtain a yearly capital cost. The numbers used in this 
example are the default values used in the program. The 
user can also supply val~es for these percentages. 
The total yearly cost is determined by adding the yearly 
power cost, and the yearly,capital.cost.,-._ ..... --.. ,}:,.: ... ,·: 
• .... ;. : • 
1
_ Subroutine OPTD 
. ' 
I In subroutine O~TD, all of-the cost-information for 
pipes, fittings, and insulation are read into arrays. 
Installation costs are also determined for these items. 
The diameter is varied until the pipe .size ~hich yields a 
minimum yearly cost is obtained. Installation costs were 
computed by ~he following formulas: 5 
for ~arbon steel: 
Installation = Co'.l'\stanrt for handling + (t mhr/diam irr)xdiam 
... ··. _(man hours) (dependent on diameter) 
; ·~ "! . ...... - • - ~ ":". . . ' 
~ ·: i '. 
,. 
, .. !,• .'. 
.. 
) 
) 
J 
I 
( .. ; 
,· 
for stainless steel and remaining metals: 
Installation .. = Constant for handling + (1 mhr/diam in.)x diam 
(man hours) (dependent on diameter) 
These formulas apply to the installation of fittings, 
valves, and piping. 
Pr-ices were obtained in August of 1974, ani are updated 
by the following formula: 
Price =(Base price(Aug. 1974))(1.00379)month(l/(l.00379) 290) 
where month~month number(base Jan .. 1950). 
Subroutines DELP, MOVCST, and ECON are called for the 
original estimate of diameter, obtaining a total yearly cost. 
The same subroutines are· then:.called to give ·the diameter 
corresponding to the next larger and next smaller standard 
pipe sizes. If the original estimate of diameter provides 
the lowest total cost of the three diameters tried, the 
program terminates, and chooses the original diameter as 
optimum. If the original estimate does no.t provide the 
minimum total cost, the diameter is varied in the appropriate 
direction, in increments corresponding to standard·· . · 
pipe sizes, until a minimum total ~ost is found. ~:hen ann 
optimum diameter is found, tests are made in order to I 
determine if the liquid phase\ v2 is £reater than 6240, and 
to determine if the vapor velocity is greater than 400 ft/sec. 
If either is true, the line is sized based on _a lequid \ v2 
or 6240, or a vapor velocity of 400 ft/s_ec respectively. 
, . •' •• ~· • • .·.: • • 1, 
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PROGRAM LIMITATIONS AND INPUT PARAMETERS 
All or the input parameters are defined by means of the 
comment cards at the beginnin~ of the listing of; the . 
program. Other important variables are explained irnthe 
table at the end or this section, 
Pri~es for the piping, fittings, valves and insulation, 
were obtained from actual price sheets in August, 1974. 
Some of the data files for prices.up to 72 inch rmmirml' 
pipe diameter .. are incomplete because of the unavailabili-cy 
of data, No aluminum or copper prices were included in the 
data file, tor the same reason. The following is a 
listing of the u.seful ranges, for the prices in the data 
'MATLPP= l, 
MATLPP=2, 
·For Piping 
3t ·Ni 
i. thru ... 52", for XH and Std. Wgt. 
i thru 8 n, for XXH 
~ thru 24", for Sch.1160 
14 thru 24" !qr Sch 10 
56 thru 72" fnr all wall thicknesses 
9% Ni ... ··, , 
·, ·. ·, 
2t thru 7211· for Std·Wgt. and 0.375 wall 
14 'thru 72" for 0.25, 0,375~·. o".s, 0.625, 
•' 
' ' 
· ··· ····· · aIJi O. 7 50 wall ,' 
····< 
,', ,• 
· .30 thru 72" !or l.'O, ·and 1.25" wall 
. ,. . .... . . 
, . ,• 
' ;. 
. 
' . : 
' . . 
I ' I ' ; ~. i : 
•; " I- n 
,, ., ... \ ... 
15 
/' 
• ' • ~ t -t ' ..,.. 11 • ... •', •• ,.. ' '' • J~, • , T 
1 
:: 
. ''"' 
l 
4 
-1~ 
i 
., 
l I, 
' 1 
,,: 
.::: I; 
i·~ 
\ ' 
- :t,t 
l 
1 
1 
I ' ;;j 1_. 1 
MATLJ>P = 3 , for Carbon Steel Al06 Gr B · 
·· · Same as MATLPP =l 
except for l thru 48" for XH and Std Wgt. 
MATLPP.= 41 !or Carbon Steel A53 Gr B: 
Same as MATLPP = 3 
Yith the addition of an thru 14" Sch.20 
MATLPP= 5, for Carbon Steel A333 Gr 7 
Saine as MATLPP = 1 
· MATLPP = 6 Stainless Steel T.;, pe 304 
.·· -~- :· ,. · . . .\ ·. 't thrw 24 11 for 5-S, 10-S, . 40-S, 80-S, and 160 
~ : ' . :: : .. :· ~ . ~ ~ .( . . .. .· . . ... ·. ~ . .~ •; 
.. · ,. '·. · ·· t thru an for XXH · 
30 thru 72" for all wall thicknesses 
MATLPE=-7 for Stainless Steel Type 304-L 
Same as MATLPP =-6 
MATLPP= 8 for. Stainless Steel Type 316-L 
· Same as MATLPP = 6 
.• ·.' .. : 't. '· . -.·· .. ~ ~-
--~ .•"• . 
? ; I'., ~ A •] • -,.,.. • ; j, • I • ~ ,. 
• .. j"•' •. . :'. ;_ '.. . ; · ... I . , 
· -·· ... . ...... '· - · .. ·For Fittings 
MATLFT = 1 Carbon Steel 
·.· i thru.]lt" 3000# and 6000# ellbows and tees 
..... 
2 thru.:i72" Std Wgt and XH ellbows 
2 thru 42" Std Wgt and XH tees 
, I 
. 21' thru 24" Sch 160 ellbows and tees 
2 thru 12" Sch 20 ellbows 
.. 
I 
8 thru 12n Sch 20 tees 
':. ~ . : . . 
.. 
I ·, >. 
' . 
·' ... 'i { . ~. . ... 
··. •'.!. :: 
' .·. 
.··. ), .. 
. •,. 
·. ·". 
'-,• 
I ' ~ ' 
. , . 
. . . . 
· .... 
·· ... ;~ ' •, 
. . ~· ". ' 
.. l • •. • 
j . 
~. ,: 
., t 
' . 
' . 
' 
..... , ... ·,·,-·· 
.,; 
(
: •• I ' 
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MATLFT =· 2 Stainless Steel A403, WP 403 and 403L 
i thru 2" for 6000# ellbows and tees 
·2 thru 72" for Sch 5 and lo-s, 40-S, 80-S, ellbows 
· 2n thrm 42" .for Sch 40-S, and 80-S tees 
2 thur 24" for Sch 5 and 10-S tees, 
Sch 160 ellbows and tees 
MATLFT=3 Stainless Steel A403 316 L 
Saine as MATLFT = 2 
·, •, For Flanges 
i thru .. 72n 150# Stainless and Carbon Steel 
t thru 42" 300# Carbon and Stainless Steel 
... -· 
· .... 400# and 600# Carbon ; Steel 
No data available for 400# and 600#. Stainless 
: : ·' 
'· 
Steel Flanges 
.......... 
• ............. . 
~. .. . '.J. . . . . • ., 
,· ! . : J. i;i•' For Valves . . ' 
I 1 ; , 
.• 
IMATL:1 LCS (non-extended bonnet) outside liquifaction area 
\ .. 
' 
.' t thru 2" for 150#,, 3QO# and 600# gate,, globe 
· . and check valves 
IMATL = 2 Stainless Steel 
Same as IMATL:: l 
IMATL:.:: 3 Low Carbon Steel 
I ' 
\ 
i thru 30 11 150# and 300#. Gate Valves 
'"····'····:.··· . 
· · t t~11:11en 600# Gate valves 
. ,. 
t' ••. 
. •:,' '. . 
. ·.". 
... 
. . 
: '11 
) 
1 ', 
, ...... 
( ) 
( \ 
( \ 
. C' •• • •• ,. 
i thru 16" 150# and. 300# Check valves 
· '.. i thru l.4" 150# Globe valves 
600# Check valves 
i thru 12" 300# Globe valves 
i thru an 600# Globe valves 
. IMATL= 4 3i Nii (-51 o thru -150°F) 
· 2t thru . 30." 150# and 300# Gate valves 
2t. thru 18" 600# Gate and Globe valves 
2t thru 16" 150# and 300# check valves 
2} thru 14" 150# Globe valves and 
600# Check valves 
2} thru 12" 300# Globe valves 
IMATL=5 Stainless Steel (extended Bonnet) 
· t thru 12" 150# and 600# gate .and globe valves 
t thru 10" 600# gate and globe valves 
·. t, .... ,. ) .. :::.. •. ··, 150#, 600# and 600# check valves 
10 thru 24" 150# anci 300# butterfly valves 
8 thru 12" 600# ~utterfly valves 
IMATL= 6 Carbon Steel 
i thru 2" 2000# gate, glolie and check valves 
2t thru 60" 150# and 300# gate valves 
2} thru 18" 600# gate and globe valves 
2i thru 16" 150# :ind 300# check valves 
.· .' .Bi th1·u 14" 150# globe and 600# check valves . . 
. 
. 
· · · 2i thru 12" · 600# g,lobe ~alv~·~ \·_:: · 
•• I 
• :. • :,v1 .. ' ·-· 
:, .-·,.~ f • ~~ • 04 "'!,..:. . ., I • 
,'' 
• • ..... J 
.\.' ·: -i. ' • .,., "· ' 
.. .. . .t 
.. 
. . ·\..._"\/'•' . · .. \ ., .. ,.......... ..... :· ::'. . . 
·.... 
-1·· 
·,··;!.' 
~<Jr ." ; . ,.. . ..... ! .· -: ... · 
.~ '• / .. '• • ... $: ; : ·: ..... ~ .•, ~ ~ \: I $ ~ ; \ j 1 • ' ". . ~ ,1 
. . '. i ., ~ :~ 
!:,· 
' ' 
I. I 
I . 
·' 
·• ';, ·i )' ' H+ ·•'-·••~ :.~ .. ·.: ' ; \.~ : . .-. • • .. ;,,i ' ' ... ,,. . '·' \ .. 
.... ·-- ····--· ... ·-. -
... 
.. , 
-- -. ~ .. . . . ', . . . .. . .. : . . . . . .: 
. .. ·-·-·-"""'---.... 
Dnaddition; for t>iping, the terminology used to descriti:e 1-1a]l 
thickness changes from sche.dules to actual wall thickness(inches). 
above some PiQe diameter. For all of the stainlJess steels,, thi~ 
' ~ - 'I' ~--... ., - • ,. ." ' . • •• • • , '.: l i • : ~ I O • 0 
. occurs a.t 30 irm For ~% Ni •1 all ·sizes are described by 
·'- . .,, ... 
actual wall thicknesses. For all other·matel'ials, the change 
occurs at 56 in. The manner in ·which this affects the 
input parameters can be seen in the beginning of the 
program listing. ••• ?". ••.' 
Itlcorder to prevent the program from accessing 
information which is not availab_le for a given size, a 
system of stops has been incorporated into the program. 
This system also prevents the program from selecting an 
incorrect price because of a c~ange in wall thickness for 
the same value of ISCHDP. If the program encounters a 
diameter for which there is no price for one of the items 
1n the line1 the message "PIPE SIZE BEYOND PRICE INFO 
LIMITS", is printed. If the program has stopped because of 
a change in ~all thickness notation, the user can change 
MODE5 to O, allowing him to input an initial guess for 
diameter, which is inside the new useful range,,and to 
continue the iteration. 
PROGRAM USAGE 
The input parameters have been set up in. ,the follo,,,·ing 
or~~r b.,.- the author I in order to\ provide ease of usage, in . 
sizing lines directly from information contained on process 
flowaheets. 
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l Card #1 
I 
NFLGS !THICK NELLS NTEES NFITS NVALVE ' 
I 
Card #2 
MATLFL MATLFT MATLPP. MATLTI 
Card #3 
·. IMATL(l) IMATL{2) IMATL(3) IMATL(4) etc. 
J 
' It· I Card #4 .. ('I: 
IVALVE(l) .IVALVE(2) IVALVE(3) IVALVE{4) etc. 
Card #5 
IPRESS{l) IPRESS(2) IPRESS{3) IPRESS(4) etc. 
Card#, •·· 
·1 . 
... I . 
_J 
ISCHDE ISCHDP ISCHDF 
I'• 
.)'', 
' .J 
',__! ' 
.. . ~ 
·card #7 
· KK(l) KK(2) KK(3) KK{4) etc. 
I..' 
' Card #8 ' 
MODEl M0DE2 MODE3 M0DE4 M0DE5 (DIAM) 
\. Card #9 
( .,. .... ..~. 
RHOL ..... I I • ;: ·: · i RHOG RHCD . . ~ : . . . 
l 
Card #1n 
ii,._, 
~ 
• . .... .. AMUL, : . .AMUG. AMU ,. ' : ·, .. ... ·. ~ '\' . 
-~ 
! "t, h' •• '\ 
.. 
. ' .. 
.•;;•, ; 
·.?, u 
' 
' 
'. . ' :,· . 
, 1, '. ••.• ' I S ft ' 
.. 21 
,. 
Card #11 
VL WO 
" ,. 
• 
• card #12 
CP CV GL 
1 
Card #13 
'. 
LENGTH INS MONTH 
C~rd #14 
SPRESS · E~PDP EPRESS 
Card #15 
STMRT ALATHT LABRAT Pl/RRAT 
Card #16 
TAXRT INSRT GAOHR'E 
' .. ·.- I" ' • ~ :, r 
·~ ..... : 
Card #17 ( 
; 
-
· INTRT ',.,. i 
.. 
'ROIRT INTXRT . ' 
·. 
... 
. . 
~ ',, : 
Card #18 
···_··DP.rIME EFFCYl . EFFCY2 EFFCY3 EFFCY4 
. 
' 
, . 
. ', ·.· .. '' ' 
Card #19 
' . 
CSTIRN BRNZE CSTSTL STNSTL CPTR20 
Card #20 • .·"\ 
·WRTHTE HLTLYC ~ MONEL NICKEL TITNM 
., 
.. r 
. . i 
·- r . 
. . \ . 
, ', 
., .. 
.. , 
. , 
l 
j 
, 
.I 
Card '-'0• ,._, . 
·JFITYP.(l); 
Card 21: 
PCHANG; 
JFITYP(2).; JFITYP(3) ;) 
REFHPJ M0DE6J 
• 
. - ... ,· ..... .~, 
.. ~; ' . ·. ') . , . ' . •. , : 
~ .. . .·- :. 
' 
... · ... ·· ... 
,.\o.:·"'·4 ,.,,..""" 
.-- .... . ...- , . 
~-~. 
"\ r • • 
... ) · . .,. 
l _. .... 
/"! 
.. ' 
• . ., I 
' i 
• J 
·, . .., .. 
.:· , 
• I 
:~ J \ • 
·, ., . 
, 
, . 
JFIII'YP(4)); etc. 
DELHP; 
~.:· 
·• .. ·-
I 
,, I 
• • 
' ... , ....... 
• 
.An1explaination of all input parameters is contained 
1n·.the comment cards at the beginning of the program 
listing. The following notes should also be observed in 
setting up the input deck. 
Card #1: 
• 
''( .····· 
"' ··-h, . 
. . .. . . 
' . 
a·.) See section on 11.mi tations to determine if prices are 
··~ ·. ·~available for a given thickness of insulation. 
Card· #6: 
a.) ISCHDE for piping changes at some size(depending on 
.material) due to a change in notation from Schedules to 
wall thickness. 
Card #8: 
_ a.) A value of DIAM shoulci be entered if MODE5 = O 
Card #9, #10, #11: 
· a.) The parameters :-:H~:L, RHOG, AMJL, .AMUG, WL, and :·'G 
should only be used for two phase flow. The parameters 
RH0,.1AMU, and w, should be used to describe the 
physical properties and flow rate of a single phase 
!luid. 
Card #l : 
a,) The parameters CP and CV refer to the gas phase, and 
are used in determining the brake horsepower, when)the 
the prime mover is a compressor. If no data is 
available for cv,. a default value of 0.357,· is used if 
· no value is used in the input. 
23 
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b.) GL, the surface tension of the liquid, is used im 
determining the Baker Parameters for horizontal flow, 
and the Govier and Aziz Parameters for vertical flow • 
• 
No value is needed for single phase flow. If no value 
is readily available, a default value of 0.0004283 
:1s used if no value is specified in the input. 
Card #14: 
a.) A value of_O.O should be assigned to EQPDP,,the suction 
pressure of the prime mover should be assigned to SPRESS, 
and the discharge pressure of the prime mover should be 
assigned to EP?.ESS. This proceedure adds simplicity to 
usage of the program. 
· Card #15: 
&.) PWRRAT is used if mover is powered by an electric 
motor. STMRAT and AiiATHT are used if the mover is 
poi-.'ered by a steam turbine. Values of STMRAT = o. 000504 
and ALATHT =1500. camb.e used, corresponding to $7 .5/hp •. 
Card #16 and #17: 
m) The following values for the parameters on these cards 
can be used if other information is not available: 
TAXRT : • 02 ;, INSRT = 0. 005; GAOHRT = 0. 011 :J 
INTRT =0.084; 
Card #18: 
ROIRT= 0.105: IMI'XRT=O.D0467 
' ,. •• , • •• •• • • - '. 1 
a.) The follo-...·ing values for pump and compressor efficiencies, 
are the default values used by the program: 
I 
EFFCYl= 0.6755: EFFCY2= 6.75: EFFCY3= 0.772: EFFCY4=.7 
.... ,, ..... . 
> • • • ~·, -· 
-r.,• 
' . 
; ...... ""I"• ., ,I. •· 
.. , .. .- . - . 
1-.·-=-··--· -------------,..---------------iml1'11!!!"."li!t"91 ... ~-
I 
C 
. I•(,. '•. 
., ·.. '> . 
.:•·· . 
. ., ....• ~ 
( 
Card #20: .. ·•·i ......... . 
;· -~; .. 
. .. . ~ ....... • .. . ~ . .~ .~'"-··.: 
·· · JFI1YP.(Jl) refers to the fitting· type for alL of the 
elbows and tees in:"1 the lina • 
• JFITYP(J): 1. if fitt~ is an elbow 
JFIT'iP(J) = 2., if fittir..a is a tee 
qard #21: 
A default value of 1 is assigned to MODE6,, im 
which case the equa tiorui .. as described iri subroutine 
MOVCST are used innthe calculation of compressor 
brake horsepower and incremental compressor eq~ipment 
cost. In:~this situation, card 21 can be omitted. 
Drlthe feed circuit of LNG plants,_the suppJ.l 
I pressure is determined by the pressure at which the 
natural gas is taken from the ground •. Ilnthis case 
there are no compressors movi~ the fluid, and the 
incremental horsepower associated with1the pressure 
·drop innany line irnthe feed circuit, is determined 
by the change in. ·horsepower inllthe refrigeration 
circuit. A relation will thenohave to be developed 
between feed pressure, and power irnthe refrigeratiom 
·circuit(BHP/ 106 SCFD). The pressure difference 
between the inlet to the circuit and the inlet to the 
main.exchanger (PC~NG} and the associated change in:t 
refrigeratio~ horsepower(DELHP) per stage. are input 
·· _into the program. Note: DELHP rep:resents the change . 
. ·.· · imhorsepower per stage. ··· .. · 
:,.,, i . 
. '· ' . .,. ") 
.·,, •' '.. ,.. •.,. .. ·I 
..... ' ·-' ., •: . ' .. 
.. : : ; . . . '· r·: .. ·. ~~ l ... ·. .. . 
. : ·. ,': 
.• . . '~ .. ' . ., : :, . 
. ,... . ,· 
• • r 
. . : '"'.,, 
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In.most cases this means dividing the change izn 
refrigerationncycle horsepower bv. 3., ass:.uning a 
a three stage compressor. REFHP re~resc~ts the 
• total horsepower Der stage of the compressor in the 
refrigeration circuit. 
If M0DE6=0. the compressor brake horsepower and 
·.1ncremental comoressor e~iuipment cost calculations 
are based on the parame te~ s PCHANG,, REFHP,, a.nd DEilHP. 
An:iincremental horseoower oer stage is calculated CY.: 
BHPCHP = {DELHI'/ PCH.ANG) xDDP 
An.incremental comoressor equiomenrt cost per stage 
is calculated, based on this horsepower, using the 
cost equations outlined in the METHOD OF SOLIJTIOM 
I 
section, witn·~ the f'ollouing modifications: 
BHPEQP = REFHP 
BHPTOT = REFHP t BHPCHP 
BHPCMP, COMPC, PHR, and IN STAL,, are then:.mul ti Plied bx. 
three to .. ,give values for all three stages of compression • 
• ...• 
.. 
' . 
... 
. " 
.. 
1. 
~ . 
.. ·-----·----·--
- ... ---~·:r.-:-:-:: . 
. ' 
.. 
OUTPUT DATA 
The first item of data presented is the line size,, 
as predicted by the optimum velocity;, me_thod( see Method 
ot Solution and Development Section')~ The important 
' 
.input parameters are tben listed, with their associated 
values. 
For eac,h value of diameter used, valu~s for the follo~ing 
variables ~re listed. FNGC, V_Jt.LVC,. PlPC, AINSC, 'TFITC,, 
which represent total mate_riai costs for flanges,, valves, 
piping, insulation,and fittings respectfully. INSTAL 
CST~: VALVE, PIPE, and FITS, which rep~ese~t installation 
costs for valves, piping, and fittings, respectfully, are 
~ 
also listed. 
For single va~or phase flow, the following vari2bles 
are li~ted. Effective length; which includes the sum of 
the pipe length, and the equivilent lengths of the 
fittings and val~ea11nnthe line. The VRpor velocity, 
Reynolds number, and.Fanning .friction factor, a~e also 
listed, along with DPDL, the pressure drop per unit 
length of the line(psi/ft), and the totai P!essure drop 
- in .. the line under test. If the vapor velocity exceeds 
400 ft/sec, an error message is printed. If the pressure 
~op per unit length of the line is greater than 0.04 psi/ft., 
. . 
an error message is printed. 
··(:.~~. \. :· .·. ~ . .·.~~·: ~:_.1...~._:.··,-·.t ,;:.~.... ..:._. __ . ; . f:"!'" ~ 
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For single liquid phase flow, the same parameters are 
. listed, along with RVS, the product of the liquid density 
. -· ... and the square of the velocity • 
. · ·: For liy_uid and vapor, two phase flow, the following 
. variables are listed.· VL, VG, ~L,.and.REG, which represent 
·:·.the vapor and liquid velocities, and the Reynolds numbers 
for the vapor and 11;;u1d streams, respectfully. For vertical, 
two phase flow, all of the ver.tical flow regime parameters 
are printed. For horizontal two phase flow, the Baker 
P~rameters, BX and BY are printed. 
The following parameters used in the Chenoweth Martim 
two phase pressure drop correlation are then listed. FV, 
FL, LVF, DPV/DP~,, and DPTP/DPL, representing fG*., r1*, i-
the liquid. volume fraction,L). PG* /APL.,~, andl'.lPtpAP1 * .. 
. · DPTP/L represents the two phase pressure drop per unit 
·. length of line (psi/ft). The tot~l pressure drop for the 
line un~er test ip ~rinted • 
. If the liquid phase Reynolds number is greater than 
2000,~the Chenoweth Mart~1correlation calculates pressure 
drops which ar·e · low.. In· this- c~se 1 . the error message 
"CANNOT USE CHENOl7ETH MARTINJJ is· written,, and the program 
.. * * terminates. No data is available fo? Vclues of~PG /.LlP1 
gteater than 1000. If a value ofl::1PG */APL~ greater than 
r 
1000 is calculated, the error message, "CA?IllOT USE . · . ·. · 
INTERPOLATION" is written1:and t~e program ter~inates • 
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. I1' the pressure drop ex~eeds· 0.0,1 ps.1/-ft,, or the liquid 
r:: ·. ' ' ~ . 
··: erv2 is greater th~n ~240,, an error, message is written~ 
.. . The results of th moving cost calculations are them 
',. .. 
./':·; .. _ ... ;, . ·. 
. : .. • 
presented. The br~ke horsepower" representin3 the incremental 
~orsepower due to the pressure drop imthe line under test is 
. ' ' j 
· listed, along with the pump or compressor eq~ipment cost, 
.. , 
... ,· ... which represents the incremental equipment cost, due to the 
, 
·- · pressure drop in the line under test. The yearly-- pm-rer 
· · =· : (operating) cost, based on .. the incremental horsepower, is 
-. " 
- then listed along with the incremental installatioru:c~st for 
the pumpiI13 or compression e;uipmerxt. This installatiorn 
includes other items as described in the field installatiom 
module block:. im the Guthrie4 article. 
I 
· _ If the prime mover is a pump., and the suction pressure 
is less than 150 psia,,or greater than 1000 psia.,_ the 
· ... · _.- ... ·Cost equations cannot be used. If this situation occurs., 
·::, the error mes.;age, "OUTSIDE OF ALLOWABLE PRESSURE RANGE" 
. 
' : __ , ... : 
.. •, 'i.' is printed.,; and the 1,Jrogrrun terminates • 
. • -::_ .· '. . : . f -·. . . • 
. , . . · -'riie capital costs as defined by CAPC(see :µnportant 
<_;·.·variables section),: and ·the total cost (CAPC t Power Cost) 
are primed. ; } 
If the diameter is 36 inches or greater, and a valve is 
. ~:_. 
. .. ·.-· .· . included in the line·, 'the message~ "DIAM OUTSIDE 0? VALVE 
, ·:..,· :... ' ..... 
·. ". -· ... :- {. ;cosT :_INFO" is printed, and t~e program terminates, since 
• • .• ' , • \o-~ f, , j ; .. -· • I t \ '1 • ·' , • • :.. , 
' ;, ~· ....... ;_: price informatiomwas not available for valves of this 
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. .·. 
size. 
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If any of the stops(see Method of Solutiow,and 
Development Section) are violated,,the me~age "PIPE 
SIZE BEYOND PRICE INFO LIMITS" · 1s prin.'ted:,, and the progra~ 
·terminates • 
The following sample out.puts are for si:n,;le li-1ufd 
phase, single vapc;>r i>hase ,, and two phase flow respect! vely ., 
representing runs 140, 68, and 4(see results section). 
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·--- ··-- -------- .... 
. .. ~ -- - ... 
-_. - .· ._.,... .. 
r .,,...· 
.~ .~}:-_-h .• 
- "',.,,.,..;.~::-';_._ 
t . 
. . t . 
. -~--'. 
• • • • 
BAKEN PAHA .. ETEHS FOR· ~'URIZ fLO•_ 
DPTt»i'OPL:a u.z1~~7,jE 02. 
DHOPa OelZ360~E 01 PSI 
MOVl~G COST CALCULAllO,.S 
CO ... PHE~:;uH COSJ:a 
fl)a UelUUOUUE Ul 
CO~PHESSON ~UUlP cos,~ S o.~J2000E 03 
' 
INSTALLA!ION ETCe COST:Ss ~ O.~ll3l03E u• 
·······························~·····~··········································· 
'. 
·~11· 
,:~;\: 
!~-·-··· 
.·-:r 
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.--:··..r. 
: ·.; -~J 
~·· 
,l-. __ .;. __ 
-, 
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-.:-, -., .. -..: ~-. ·,, -- . 
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•, 
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- - ... 
0 
·,I 
I j 
I 
·j 
l 
" .. 
,. 
:J 
.• . .l. ; . -~ ::-_ :.· - ~ !.. 
• • • 
TMIAL NO DIAM• o.2uouOUE Ol 
COST J~~ORMATIO~ 
.. 
lrfSTAL CSTS VALVt:• OaU 
T•O f'HASE t'HE::tSURE DfcOP. CALCULATI.ONS 
I 
RE6• Oel?~63~E ua 
BAKEk t'AHAHETEHS FOR _HO:R~i fLOW 
CNEhU•~TN MAMTIN PM~SS0HE ONU~ E~T. 
FV• u.~b-21JE-O~ ~L• De31912~E•O~ 
MOVING cost· CALC~LATIUNS 
. I 
cOMP .. E!aSQH .c·os TS 
fU• ll e lO~OCiOE O 1 
•• • • • • •• • 
Pl~C• Oe346136E 04 
- . 
AINSC• Oe444882E·04 
· · . ·~-u~~~rt 
TFtT.C• Oo3$.~2~~:,,;r:: '. / . . 
-. ·<·:_':· 
c•r,f-:.::: • 
) 
\_:_};~~i:~:_·:· -.. -·· ;(f,...·.:. __ ;_:.~~ 
. . ' _--.=· 
'"/ -: ' . 
. ·.-
':,_ '. 
... _,.,-.<;..-. -... -,' 
- -·-·. ·~~ ..... 
,..., ' 
• 
OMUPp 0~792417E 00 PSI 
-·- .. 
. 
~ .. 
~ -
r , ' ' ,. ' 
•• • 
COHPH~SSOH EQU(P·COST• S o.~&~UOO~ V3 
l~STALLA!ION ETCe COSTS~ t Oel~6UlUE 0-
• • • 
·································~·-···-~·-················-~······· 
TtUAL NO UJ:AII• · Oe 18UUOUE OZ . 
co~, INFO~MAflON· 
FllS• O.l~7U25E 04 
PJ~C• Oel26865E 04 AINSC~ Ue360302E 04 
Two PHASE ·JIH.ESSUHE· OkUP (;ALCULATlONS 
.. 
YG•· Oe3ll~90~ OZ Ff/SEC 
HE~• 0.1773/~E 08 
tiY• O.bl8846E. 0~ 
CriENO•t. TH · MAHl 11'1 · PHESSUtct: OHUP EST• 
. f"V• Oe26l6!>dE•~2. . fLa:. 0 • 37~C:3~.E·O~ 
• • • • 
-_. ~ _::,: . \ 
•• • , : i, ·~. 
' '. 
TFITC• Oe26420SE ~4 
.. 
,' 
., --":?" 
~· 
,' i.~- rf:. 
. '. 1 ~,. 
V 
-
• • • • • • • • • 
TWO PHASE ~HLSSUHE 
MOVING COST CALCULATIONS 
COMPHE=a!".OH cosr!t 
f'I>•. Oe 1 OOOUOE O l 
CO .. PkES~OH ECIUllol COST• $·0•912'000E 03 
I ... SJALLA!IO~ t. re. COSTS• S Oec!'.13103E 04 
··········~···········~·-·····*·•··································· 
t INAL Ht;:SUI. TS • 
DIAM• u.1a~oou~ o~ 
. . 
i 
. . 
• 
• 
• 
• 
• 
( ( •.. ' 
•• -,~-,T ;•-• •,-: --.,.., ...... , ....... ..:,., ._...;,.;,_,..,.._,. ........ -.• 
RESULTS- A,NILC.QNCLUSIONS 
The f·1lowin~ results are from a direct application of 
the program to lines iruan .. actual LNG plant. 
Following are the inout narameters for all of the 
examnles included in this section. ~~xt, the results of these 
examples are presented in tabular form. The actual 
diameter re~resents the diametsr used in the construction 
of the plant. The results of a sensitivity analvsis are 
also presented, including the% change in the total cost, 
and the% change in the corresponding input variable • 
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• • • • 
PklCES hAS50 ON lNF~AMA!ION O~lAIN~O lN AUGU~T•1974 
~MICE::» UPOA~l:'.0 BY_ ~~Gl~~E~ING' I ... O~X FACTOM OF leOf\:.H9 
LJNl 5IZE &Y UPT(H~M ~ELOCI(Y M~THOU= 9.llSb~~E 0~ IN 
. -
ISCHUE= 6 1SCHU~=. 3 
MATLFL= 1 
1SCH0f'= ·4 
MAILPP= 4 MA!Ll= 2 
I 
• 
NFLGS: l ITrtlCK= 3 NFL(S~ 4 · NlEE~= 0 NFITS= 4 NVA.LVE= 1. 
MUOEl= l MOOE2= l 'MODf.3= 2 MO!"if..4= .2 
.. 
·-' 
~HOL= O.bZ .. OOOE 0~ HHOG= Oeli~OOOE Ul 
AMUL= o.c42000E OU AMUG= U.6!:>0UOO~-Ul 
•L= o .6l!)DOOE 04 wG=· 0~21soooc os 
CP: O.~~lOOOE 00 C~= 0.37~000~ 00 GL= O.bts!)3':!0t:-03 
. . 
LEN~TH= o.1sooooE 02 INS= l 
SPRE~S= u.340000E 03 
STMRr..T= ~.!:>01tOOOE-:-o.3 A.LATHT= o.1sooooE 04 LAl:3HAf= o.14!:>UO.OE (}~ PWRRAT= ~.280000E~Ol 
TAX~T= Oe200000E-~\ lN~Rl: Oe!:>UOOOOE-~2 GAOhHI= 0.110000~-0l 
INTRT= u.840000E-~1 HOlHT= O.lU~OOO~ 00 
·• •• 
• • 
. -
• 
• 
_-·:,.. . 
i.~. 
' ' •,, . 
., .• ... 
. "..:; _-
•:"'.;.:'\. 
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LlNt SILlNG PROGkAH 
~HICE~ ~A~~o Oh INFOHMAIION 081AINEO 1N AUGUSr.197~-
. 
PRICES UPU-!E~~ ~Y:-ENG.INEEMING lND~X .FACTOH OF 
LI~E SIZE~~ OPTIMU~ VELOCIIY "ETHOO= ~.2~oo~~E. 0~ IN 
i 
IN .. UT ~AMAHEIEt<S 
ISCHOF•· 4 
" -
MATLtL= l HAT.LFT= l HAfLP~= 4 MA!Ll= e. 
I 
• • • 
1.0~379 
NfLGS= 1 I fHIC~=· 3 NELlaS= 1 NTE.ES:a 0 NtlTS= 1 N1'ALVE• 0 
MOOEl:: l HOl>~Z= l M00t3:a· 2 M0D~4= 2 
• 
.. 
' RHOG• O.l9~000E 01 H~O= 0.1~7090E g1 
AMU= 0.~80000E-Ol 
WL= o.c,1souoc: oit •~= o.21suoo1:: os iii= U e.484 77UE 06 
CP: 0.59'tOOOE:. 00 CV=- o.J7~U00c 00 
LENGTH= Oel66670E 02 INS= 1 
EUPl>P:a o.o ~PHESS~ ~.600000~ 03 
STMHAT= Ue504UOOE-03 ALAlhf• u.l~OUOOE U4 
~AOHHl= O.llOODOE-Cl 
HOIRl= o.1u~UOOE 00 INtX~t= 0.467000E-~~ 
PWHHAT• 0~280000£-01 
•;' - ···-
• • 
~- -. 
-..... ·---·-:. ·-·------- ···-.---::.y ·--·~ :, .. -·- - - -
~.:: 
-~ ' . 
,.. 
--··--·-- .. ----·- -· 
. ::a 
... --···- - ·------ -· -- ---S:: 
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LlNE SIZING PHOGRAM 
PRICE~ BA~EO ON lNFOR~A~lON OBTAINED l~ AUGUST•l974 
. f'f.tlCES UPDA!t:.1.1. ~y ENG·INEt."flNG l111DEX FACTOH OF 1.00379 
LIN~ SIZE ~y o~,1~~M VELOCIIY HEThOD= o.11~16~E 02 ·IN 
. 
' 
lNPUT PARAMETE~S 
I SCftfl-E= 6 l~CHUP: 3 I!1C1i0F= 4 
MATLFL= 1 MATLF T= · 1 MATLP~= 4 MAlLl= 2 
i-.FLGS= 2 ITH!C~= 3 NELLS• 1 1NTEE~= !J NFITS= 1 NYALVE.= 2 
MOOE!= 1 MOOE?.= l MpOt:.3-= 2 "40DE4= 
4 
~ 
• 
2 
HHOL= Oeb24000E O~~ R~06= Oel9aO~OE 01 HHO~ Oel91800E 01 
AMUL= 0.~4~000~:0U AMUG= 0.6SOOOOE-ql 
w: U.4tJ4(.7UE:. 06 
CY= Oe37S00'1E 00 GL= .0 ebU~~OUE:-03 
- . 
LENGTH= ~.333~00E Ol INS=· l 
~PRESS= ~.340UOOE 03 . EU?OP: O.O 
ALATHT= O.l~OOOOE 04 
. 
TAXRT= o.2uooUOE~~l AAOHHI= o.110000E-e1 
HOIRf= o.1o~OOOE 00 
PWRRATP o.zeooooE-01 
-
G, 
• • • 
\· 
......... 
·~ . 
. _.,.,,· 
i 
I 
I 
I 
I 
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LIN~ SIZING 1-'~0GHAM 
PHlCES DA~l~.ON lNFOHMAllON O~TAINEO lN AUGUST•l9?4 
1-'HICE~ UPUA!.t:D BY '£.,,.f',GJNE:~RING INDEX FAClUH OF 
LINE SILE BYOPTit-lUM.VELUClfY METHOD=- ~.lbl67~E 02 IN 
I 
~NPUT ~A~AMETE~$ 
ISCHUE= b 1SCHDP= . .3 ISCHOr= 4 
HATLF-L= l MATLFT= 1 
• • 
~.00~79 
IT11ICK= 6 NELLS= 7 
I 
NTEES= 0 .NFI TS~ 7 N'IALVE• ' 0 
.· 
MUOEl= ~ M0i>E2= 1 MOOE.3= c! MOl:)E4= ~ 
• 
' 
HHOL= Oe~8h900E, OZ RhOG= o.25~bOOE 01 
·~= o.ll44oSE os· ~G= o.soo11&~ Ob 
CP= Oe6&bOOOE 00 CV= 0.3750001:. 00 
LENGTH= u.103000E 03 INS= 1 
S~RESS= 0.340000E 03 EUPOP: o.o 
A~U= Oe24iOOUE 00 
~PR~SS= O.bO~OOOE 03 
. . . 
ST~~AT= o.~04000E~O~ ~LATHl= ~-lSOOOOE 04 LABHAf= o.14SOO~E ~2 
HOIRT= O.lO~OOOE 00 lNl~Hl= o.467000~-oi 
PWRRATa o.2eooooE-Ol 
• • •  
•• •• -~ ~, 'l·· i ~1· ,1 .. , • 
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. .;--;-.:.:,•-' 
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~lN~ ~lZ!~G ~HOGRAM 
PRICE~ BA~EO ON lNF~HMA!lON OlilAI~EO !N AUGUST•l~74 
PtUCt::S UPL>ATt.D g-:Y .£1',;GllllEEfUNG lNDt.X FAClOH OF 1.00379 
LINE SIZE ~Y.QP!lMU~ VEL-OCilV MfTHOO= Oelbl824E 02 IN 
• 
INPUT PARAMETEHS 
. 
ISCHt>E= 0 1SCHUP= 3 l~CHDF= 4 
MATLFL= l MATLFT= l M~lLPt-1= 3 MA!Ll= 2 
I 
• • 
·--. - ,-- ..... 
NFLUS= ~ I TttICI<= 6 NELLS= 3 NTEES= 1- NFITS= . .,. NVALVEs 0 
MOOEl= l MOUE2= l MOD~~= l fiOL>E4= 2 
" 
HHOL= 0.024000~ Ol HHOG~ 0.1~~000~ ~l 
AMUG= 0.6~UOOOE-Ol 
WL: 0.6l~OUOE 04 lllv= o.2lbOOUI:. 05 w:s U.!>0::,12::JE Ob 
- . 
CP: O.b70000~ UO CV~ 0.37~000~ 00 
LENGTH= 0.503370E OZ - INS= l 
....... 
~PRESS=-~•340000~ U3 EtlPOP= o.o ~~R~~~= Oe600000E 03 
ALATHl= Oel50000E ~4 PWRRAT~ G.taooooE-01 
bAOHHI= O.llOO~OE-01 
~OIRT= 0.10~000~ ~O INrXHI= o.4b7000~-02 
'\ 
• • • 
~--,.,~.;-: 
-~-1 -. 
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LlN~ SILlNG PHUGRAM 
.. klC_ES .Bt~ED ON INFClkMA I ION Olfl A Illlt.U lN AUUUS h 1974 
1.00379 
' - . 
l,.lNE SI.L_~ BY, _l>P!IMU~ VELOCI JY METHOD= O.lbl3!!.:iE uz· ·1111 
I 
.1Nt'~l PAf.CAHE:TEkS 
1SCHUE= 6 l~ClitJt,,: 3 ISCHOf's 4 
t-!ATLFL= 1 MATLf'T= l MA-I LPP: 3 i'IAILl=· 2 
NFLGS:: ~ I!HICK::;' & NELLS= l 
I 
NTEE!:»= 0 Nf'ITS: :i NliALVE.= 0 
1-100£1 = z kUUEZ·= 1 MQOt:.3= i! t,IOUE4= 2 
.. 
RttOL= 0.359900E <,;: RHOG= t,.2S~4UOE 01 krtO= o.~!>5400E 01 
AMUL= o • .Je4ooyE 0~ AMIJ(J: li.?.4~0llOE-Ul AMU= lla~4t!C,OUE 00 
•L= u.~S.3896E OS WG= u.!>Oc.J031:, 06 wa o.!>0~30Jt:. 06 
·., 
CP= u.6& .. 000E uo· CV= o.37~1J0Ut. 00 GL• U.;bb',3':'0E-03 
L~NUTH= 0.1~6b70E 0~ 11,15: 1 
t.PHL~S= 0.60000UE 03 
ALATMT= o.l~OOOOE 04 P~RRAT• o.2aooooE-Ol 
bAUHHI: ~.llOOOOE-Ul 
~OIRT~ o.1o~OOOE ~o INTXHI= 0.4b/OOO~-O~ 
• • 
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LIN~ SlZlNG ~HOGRAM 
PM1CE5 8A~EO ON I~FO~~AflON O~TAINEO lN AUGUST,1974 
~KlCES UPUATE~·ev E~GINCEHING INDEX FACTOM OF 1-.00379 
LihE Slit: BY '_)PTIMUM VELOCI lY ~ETHOU= ! -~-~oo~~t:. 02 IN 
• 
IN}tuT PARAIJtCTEt<S 
lSCHIJE= & ISCt1UP• 3 l~CHOF= 4 
MATLFL= 1 l'IATLf·T= 1 MA!Ll= 2 
Nf"LGS= 6 !THICK= 6 NELLS= 4 
I 
NTEES= 0 NFlfS• 4 N'IALVE• 2 
MOl)t.l= 1 MOlJE~= 
AMUL= 0.24200UE 0! 
IIILs O.&l!;OOOE 04 
CP: o.c6~004>E 00 
1 HOD~.i= 2 
' 
' 
littOG= O.l'J~OOOE 01 
AM~G= u.6SU000c-ul 
wG: 0.215000£ 05 
CV: o.~75000E 00 
INS= 1 
SPHE~S= 0.150000~ Ul' EU~DP:s O.t> 
ALATHT= u.1~00~0~ 04 - LA~HA!• Oel4~000E 02 
GAlJ~l~n = ~ .11 OOOOE-c 1 
HOJRT= 0.10~000~ 00 INlAHfc 0.467000E-U2 
PWRRAT• Oe280JOOE•Ol 
-
-
.. • 
c.n 
-l -· 
··-·-. .. ~-- ..... ~ ,-- : 
e • 
LlN~ ~I~lNG PHUuKAM 
t'IH~l:.S' BA~t.D ON lNFC~MA I ION 081 AlNt::.U 1N AUGlJS I, 197~ 
PtUC£l:,·- UPllA!E.!> av ENlHNt:F.HlNG lNOE.X FAC roH OF 
LINE- S1LE·8Y 9P!lMO~ V~LOCI!Y MET~OO= !•l~~~~~E !2 IN 
• 
~ . lNt'IJT. t'AHAM~TEHS 
ISCHDE= 3 ISCHUP= 2 l::iCHOF= l 
MATLfLD ~ HAlLfT= ~ 1-'AlLPP= b MA~LI= i 
1.00379 
NFLGSa 6 IrHlCI\.= 10 NfLL.S= 4 
,. 
NTEE~= 0 NflTS= ·4 lll"ALVE= l 
MGOEl= l - MOOE2= l "'-001::J= 2 
RHOL= O~b24000~ 0~ H~OG= 0.19~0UOE 01 HHO= Oe140000E 00 
AMUG= o.6~0QOOE-Ol 
•L= o.&l~UUOE 04 wG= o.21~ooot· os 
CP: 0.~07UOOE 00. CV= ~~37~000t 00 
LENGTH= ~.4b6~67E 02 INS= l 
SPRESS= Ue~40000t 03 EUPOt-= O.O tPR~~s= 0.600000E 63 
ALAT~I= o~l~OOOOE U4 PWRRAT= o.2eooooE-Ol 
TAXRl= o.2uoouo~-~1 GAUHHI= O.llOOOOE-~l 
HOIRl= o.1o~OOOE uo 
Ii 
,_.' 
• • •• 
·-··· ...... -- ... - ... 
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co 
l 
I 
,. 
.... ... 
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LINE SIZING PHOGH~M 
PRICES:J3~:tl::0 ON INF<inMAllON OIHAJ1,u:.D lN AUGU:H•l974 
PRitts~uPDA!EO BY £~blNEEHlNG INO~~ fACTOH OF 1.00~(9 
- . ·-. ·--· "'-~-·· ·----
LlNE~~ikE. ~~ OP!lMUM VfLUCI!Y METHOD= U.l410&SE 02 IN 
' 
.INPUT PA~AM~TERS 
~· 
1SCHOE• 3 lSCtiOt>= 2 ISCtlDF"= l 
MATLFL• i HATLf"" f= .:!· J,,1> J LPP= 6 HAILI= 2 
I 
NFLGS= l ITtiICK= 7 NELLS= 5 NlEE~:. 0 NFITS= ~- N\IALVE= 0 
' 
MOOEl= l MOO.E2= l MOL>t:-S= 2 • MOOE4= 2 
.. 
AMUG: 0.6~0000E-Ol 
lll= o.c>HbfolE 01:> 
c;, :- o .1t880_00E uo CV= 0.37~000E 00 GL= O.ob5300E-03 . - ... 
INS= 1 
EYPOP: ll.O 
~ I 'H-<A Ta O .!>OltOOUE-03 ALATHT= o.l~OOOOE 04 LABHAT= O.l4~00UE U2 PIMHRAT:a o.2sooooE-Ol 
t..AOr11<1= o.11oouoL-01 
lNT~T= Oe840000E-ql kOIRT= O.lO~OOUE 00 INTXHI• Oe4&1000E-O~ 
I j 
1! 
I 
I 
1: 
,, 
ll 
J, 
I 
l 
I 
i 
I 
!; 
~--·---:,--· . 
.. -··. r: ;~ .' 
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LINE SillNG VHOGHAM 
PI-ClCES .BA=:;f:O QN INFOHMA ~ ION UIHAINt.D l N AUGUST. 1974 
... • < ~--~ _. 
1.00379 
LI•iE .~If,~ ~t ,~PTIM~r,t VELOCl IV ME.~HOU= ~. l/ZtHUE 0~ IN 
. ' 
INPUT PAMAMElEHS 
·1scHOE= 6 l~CHL>P= ;j lSCHOt:: 4 
MA_TLFT= 1 MAJLP~= 3 
Nf"LGS: 2 lllf.LLS= 0 NFITS= 4 NVALVE= 0 
MUOEl= 1 M•>OE2= l MOl>l:.4= . . 
.. 
I 
HHO~= 0.19~000E 01 
2 
AMUL= 0 .24_~0J)OI:. CIC . M1UG::. ~ .6S0000c.-O l 
WL= Oebl~OOOE 04 WG= o.21sooOE O!, w= o .!>tits~4'JI:. 06 
- -
CP= O.bU6000E 00 CV= 0.37!:>UOOI:. 00 
LLNGTH= O.b&6770E 01 ·INS• l 
SP~~S~= 0.34~000£ 03 EU~O~::. OeO ~PRESS~ O.&OOOOOE ~3 
~LATHT= ~.l~OOOOE 04 LA~~A!= ~.14500~E ~~ 
!Ax~T= o.2oooou£-91 6AU~~I= o.ilOOOOE-01 
~01~1= o.1u~OOOE 00 
PWRRAT• o.2aooooE-Ol 
• 
'· 
·--- -· -.•. ·--- - "' 
er> 
0 
--~ . 
. -_. 
• 
LINE SIZING P~OGRAM 
PRICES BA~f,O ON. 1NF0RMA1ION OBTAINED IN AUGUST•l9!4 
PRICtS UPDATEn BY ENGiNEERING INDEX FACTOH OF 1.00379 
LINE SIZE BY O~!IHUM VELOCITY METHOD= ~.2Q0254E 02 IN 
. iNPUT PAAA~ETEHS 
lSCHOE= 6 lSCHDP= .J 
MATLFL= l MATLFTc 1 
ISCHOFz: 
1
4 
MATLPP= 4 MAfLI= .2 
I 
• 
:-iFLG5.= 2 lTHICK:s 3 lli!ELLS= 2 NTEES= 0 NFITS:s 2 IIIVALVE= 0 
~UDEl= 1 M00E2= ·l 
RMOL= Oe&24000E 02 
AMUL= 0.24200~~ 09 
MOOE3= 2 M0DE4• 2 
.. 
• 
RHOG:s O.l92000E 01 
~MUG: 0.6SOOOOE-Ol 
RHO= 0.~42900~ 01 
~L= 0.6l~OOOE 04 •G= o.21soOOE 0~ w= o.·95149JE Ob 
CP: O.b24000E 00 CV: 0.37SOOOe; 00 
LENGTH= ~el40000E 02 INS= l 
SPRESS= ~.lS8000E 03 EQPOP= o.o ~PRESS= 0.629000E 03 
S"fMRAT:s OeS04000E.-03 ' ALATHT• ~ e l!:>OOOOE ~4 LAB!'fA T= 0. l4~000E 02 
T AXRT= 0 • 20000·0E-~ 1 ll'\ISRT= 0 .soooooi::-~2 GAOHIH= 0. ll O OOOE•O l 
PWRRAT= o.2eooooE-Ol 
- -. 
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- ~ ..... -
.... -, ... 
~<(}t:-
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-
• 
-
LINE SIZING ~HoaRAM 
PRICES SA~EO ON INFORMA!iUN OB!AIN~O IN AUG~S!,1974 
PRICES UPD«TED BY ENGINEE~ING lNl)EX FACTOH OF 1.00379 
. 
' . LI~E SIZE gy OP!IMUM YELOCI!! METHOD• ~.al24~3E 01 IN 
INPUT PARAMETERS 
nc-E:;:: !, ISCHOP= 3 lSCHOt_= 4 
I.FL= 1 MATLFT.a: 1 MATLP~= 4 MA!Ll:ij 2 
G5= b ITHICK= 3 NE'U.S= tt NTEES= 0 NF ITS= 4 NVALVE~ 
l 
4 
.. 
n~ 1 MODE2• 1 M0DE3• ~ MOO_E~= 2 
l ~= O.b24000E 0~ RHOG= 0.19~\l~OE ~-1 RHO= Oe372200E 01 
I 
rLc _0.24200UE 0~ AMUG= o.&&~~~oE-~l AMUD Oe260000E-~1 
. - .. 
-· 
! O.bl~OOUE 04 •G= o.21soooE C!S wa o.H,~869E 06 
I 
' l ;. o.7S(!Ol>OE DO CV= o.31sooo~ ~o GL• ~.6B~3(_)~E-(_)3 
IGT~= ~.49DDOOE OZ INSc 1 
'!ESS= o.158000E .03 fUPOPa ~•I! ~PRESS= Cleb29000E 03 
!~AT= o.5040DOE-03 ALATHT= !•lSOOOOE «!4 LAB~AT= o.1~5000E 02 PWRRAT= o.2aooooE-Ol 
ROIRT= O.!~~OOOE 00 INTXRt= 0.467000E-02 
~ --;-- --- -~- -·- ., 
.LINE SIZING ~~O~HAM 
PRICES BASED ON 1NFORHA!10~ OBlAINED IN AUGUST,1974 
·.c ~ '~:.. .., ' PRICES- UPIJArED ·av ENG1N~i::~ING lNDEX FACTOH Of 1.0~3~9 
. - ., - -· . - .. ,. . . . . . -
LINE SIZE' 8Yc··OP!-1MU" VELOCI!~ METHOD• ~-9~229 fE O l IN 
INPUT ~ARAME"fERS 
:H, TLfL;; 1. MATLFT•. l 
... ;. ' 
l 
MA1LP~= 4 "MA~Ll• 2 
Nf 1 rs= 4 NVALVE= S 
r.;rLGS= 9 _NELLS= .! ... 
' 
M0DE3= ~. HOOE4= 2 
AMU= Oe160000E 00 
.-.L= Oe6l~OOOE 04 wG= o.21soooc. ~s 
CP= o.soOOOOE oo. 
Li:.?.·;i ,p; Oe 700000£ 01 
~-;.:·:-::.<,"= O. l!:)SOOOE •03 
1:.;.d: o.200000E-~l 
l~-·sc l 
EQPOP• OeO 
. 
ALATHT= ~.150000~ 04 
~~HESS: O.b29000E 03 
LA~~Al= 0.\45000E 02 
lNSRTc: O.~~(!OOOE-02 · GAOHRT= l?•llOOOOE-Ol 
HOl ;H;: G. ~ 11=,Q_OOr- 00 ! ~I T Y. < f :c. 0 • 4 n 7 0 0 0 t: - C 2 
PW~RAT= o.zsooooE•Ol 
e 
-·-~.-
.-----i 
-
e 
·- -
-
LIN~ SI~lNG· PHOGHAM 
PHlCES BA~ED ON lNFOHMA!lON OBTAINEU lN AUGU5Ttl974 
. 
. PRICE~ "UPOA!ED .SY ENGlNEEHING INDt.A FAC TOH OF . 
~--· LINE SI~E HY OP!lMUM VELOCI]Y METHOD= ~.1~46l~E 0~. IN 
INPUT PARAME!EHS 
~ 
ISCt1DE• ,5· I'SCHD~• .(! I5Cli0f's 2 
• 
1.00379 
...._) 
HATLFL• 1 . MATLFT:s 1 MATLPP• 4 HATLI= 2 
NF'LG~:a 2· I'!HICK= 3 NE.LL S= ~ NTEE~= l NF l !.S= 4 NVALVt.= 
I 
HOOEl= u M0DE2= 1 H0DE3= ~ H0DE4:. 2 
~ 
RHOL= o·.6Z4000E 0~ RHOb·= o.19~0~ll.E. , Ol HHO= o.c~~OOOE 02 
AMULc o.2 .. 2000E ~~ AMUG= o.t.SUOOOE-~1 AMU= Oa~031?0~E 00 
IIIL• Oe615000E 04 IIIG• 0 • 2 15. O O O_E O:> 111= ~.lb!>Oll~ 07 
CP= o.soooouE 00 CV= Oe37SOOOE 00 GL= Oebb53~0E-~3 
LENGTH= De955000E 02 INS= 1 
SPRE~S= ~e990000E 02 EQPDP= O.o 
STMRA J:s u.S.~4000E-03 ALA 1111 • o.150000E ~"' LAl:tHA != U .11;.so~OE 0~ 
!AXRT= o.2opoObE~~l INSRT= o.soooooE-~2 GAOHHI= 0.11000~~-0l 
HOIRT• o.1o~~OOE. 00 
··--- ....... -.... - .. ----- -
... -· ... -- .... .,, 
l 
PWHRAT= o.2eooooE-Ol 
) 
~: 
LINE SI2JNG ~HOGRAM 
PRICES BASED.ON lNEOR~A!lON O~TAINEO IN AUGUST,l974 
--
. -~ 
PRICES UPDATED "BY ENGlNJEHING INDEX ~ACTO~ OF 1,00379 
INPUT PARAMETERS 
lSCr1:.)E• 6 lSCt:fDP= 3 J!»CHD~:= 4. 
,.ATLFL~ 1 MATLfT.• 1 MAlLPP• 4 HAILI= 2 
i 
NFLuS• s JTHJCK• 3 Nt.LL:i= b NTEE!>= 3 NFIT~= 9 NVALVt::= 
# HODEl= 1 M0DE2S l MOOE3• ~ MOOElt.= 2 
HHOL= 0,6i~oocE O~- RHOG= 0,19~~00E 01 kHO~ o.~47000E ~o 
AHU• O,lYHOOOE~Ol 
"L• 0,615000E,04 ~G= 0,215000E 0~ wa O,l8~88SE 06 
CP• O,lt46000E 00 CY= 0,375000~ ~~ GL= 0~6653~0E-0~ 
LENGTt1• ~,l!;2:t30E 03 INS"" l 
!>PRESS• 0,990UOOE 02 E~HES~= 0~1Y9460E 03 
!>JM~ATa ~,!:t041JOUE-0'3 ALATHT= ~,150000~ 04 LABHAT~ 0,14~00~E 0~ 
TAXRT: o.200000E-~l GAOHHT= o.11ooo~E-Ol 
1,.1~r= 0,840000E-~1 HOIRT= OelO~OOO~ 00 lNTXHI= 0.4b7000E-02 
1 
~WHRAT• 0,2BOOOOE•Ol 
--· ... ,-.-- .- - - .... ..-~. -- "'- ·a:---.~ - --:,~ 1-- •• - --
--- __ ., r 
CJ) 
0 
-,......._ 
-
LIN~ SIZING ~~OGHAM 
PRICE~-B~EO ON INFO~~A!IUN O~lAlN~~ lN AUGUSTel914 
.. 
LINE SILE. BY •UPTIM.J14 VELOCI _IY METHOll= !:) .~ f02'JHE 02 IN 
. -
INPUT PAHA~ETEHS 
ISCH!JE= 3 !SCHOP= 1 ISCH.OF= l 
"1ATLFL= 2 MATLFT:a c! HAl'LPP::. 6 HAI Ll., 2 
I 
NFL&S= 2 l~HlCK= 7 NELLS= 1 NTEE~= 0 Nr.lf~= l 
MOOE.l= l HOOE2= l MOOE.:i= ~ :,t{Jt)l;4= 2 
.. 
RHOL= O.bl400UE 0~ HHOG= o.19~UOO~ Ul HHO= 0.172400E 00 
A~UL= 0.2~2000E 0~ AMU~ O.l~OOOOE-01 
WL: O.bl~OOOE 04 •G= Oe215000E 0~ w=. o.•J!,14'7 .. fc. 06 
C~= O • .<+y3000E 00 CV= 0.37!:,0UOF. 00 
LENGTH= ~.137000E OJ INS= 1 
~PR~SS= ~.295UOOE 02 EUPDP= o.o 
NVALVE= 
INTKT= 0.840000E-Ul HOIRT= o.1o~oo~E 00 !NIX~f= 0.467000~-0~ 
0 
PWH~AT= o.2ao~ooE-Ol 
• • 
LINE SIZING PROGHAM 
PRICE5.BA~ED ON. INFO~~,!ION OBTAINED lN AUGU~T,1974 
-~~f~E&_U~DAfED BY ;ENGINE£RlNG lNDt:.JJ. FACTOli OF 
IN 
· l~~UT PARAMETEkS 
ISChOE= !, ISCHDP= ·2 lSCHi>F= 2 
. 
HATLfL:a 1 MATLFT= 1 M.ATLPI-'= _3 HAILI= 2 
I 
NFLGS• 1 l!'HICK= 3 t~ELLS• 4 NTEE~= 0 NFIT:::i= 4 NVALVE= 
HOOEl= l MUDE2= l 
RHOG• 0.19~000E 01 
•L= O.bl!>OOOE .04 WG= 0.215000E O!:> 
CP= ·o.sozoo~E uo ·cva 0.37~000E ~O 
INS= 1 
EU PDP• O • (? 
ALATHl• ~.l5UOOOE U4 LAdHAf= o.14~000£ u~ 
GAOHKI= O.llOOOOE-Ol 
H0IRTs OelU~OOO~ UO lNTXHl= 0.4b7000~-0~ 
• • • 
0 
PWKRAT= o.zaooooe:-01 
-· 
·------ -- ----
• 
a' 
::s 
..... 
0 
ro 
I 
..... 
----- --
' 
-
-
• • • • 
LlNI:. SI~ING ~HOGHAM 
. PRICE~ eaSEO ON !1.0HM~ HON 01:HAINEl) IN AUGUS! • l'i74 
PIH-CES UPUATEO BY t:NGINEEH
0
ING !NOi:.>. FACTOH Ot' 
, 
LINE ·~fflE~&Y;OP!IMi!M VELOCl!Y ME:!HOD= 0.2=>135/E 0~ IN 
INPUT PARAME!EHS 
ISCHDE= 5 ISCHDP= 2 ISCHDf'= 2 
~ATLFL= .1 HATL:F:t°= .l MATt.?P= 3 MA!LI= 2 
( 
_NFLGS= 2 l!HICK= 3 NELLS= 0 NTEEl:>= 0 NFITS= 0 
Po!0DE1= 1 MODE~= .1 HODE3= 2 r-fOOt:.4= 2 
.. 
I 
HHOG= Oel92000E ~l HHO= Oeb6~4~0E 00 
WL= o.&l!»OOOE 04 WG= o.21SoOOE 0~ 
CP: O.!»Ui!OOOE 00 CV= 0.37~000t OQ 
LENGTH= y.12lb70E 02 
~PHESS= ~.295000t:. 02 
INSs 1 
I 
EQPOP::z o.o 
W= 0.47~74b~ 06 . 
ALATHTs ~.150000E 04 
• 
1. oo::H9 
NVALVE= 
GAOHHI= 0.110000£-0l 
k0IR1= 0.10~~00£ 00 INTX~I= 0.467000E-O! 
... 
• • 
0 
P~HRAT= .o.2so~ooE-Ol 
.• ,t 
. :_ ·-
-. 
rJ 
0 
ti:• 
I l",. 
0 0 
• • • 
LIN~ SIZING PHOGHAM 
PRICES.aAbED ON INFORMAIION OHTAINED lN AUGUST,1974 
':: :..:. ;. !_ . 
LINE 5I£E 81 .OPllMUM VELOCITY METHOO= 0.2,.10001:. 02 IN· 
. .. - . - -
INP~T PA~AMETEHS 
l~CHDE= s ISCHDP~ 3 lSCHOF= 2 
MATLFL= l MATLFT= 1 MAfLPP= 3 MA!LI= 2 
I 
NFLGS~ 3 ITHlCK= 3 NELLS= It NTEE~= 0 NFITS= It NI/ALVE= 
r-!UOEl= 1 HOOE2= l HODE3= 2 Mt>Of.~= 2 
.. 
• 
HHOL= Oe624000E 0~ RHOG= 0.19~000~ 01 ~HO= Oe719000E 00 
AMUL= Oe242000~ 0~ AMUG= 0.6~0000E-(Jl 
·WL: O.blSOOOE 04 •G= o.21SoOOE 05 
Ct': 0.47t>UOOE 00 CV= 0.375(1001::: OU 
LENGTtt= ~.210000E 02 INS= 1 
~PR~SS= O.l!>8CIOOE 0~ E~PDP= o.o !:YHt.::.5= o.bc9000E ~;j 
SIMRAT= 0 .~04000E"-03 
TAXRTz (Je200000E-~l GAOHKI= o.11ooouE-Gl 
INTHTc O.BltOOOOE-1;!1 HOIRT= o.1o~~OOE 00 
l 
.. 
P~~RAT= ~.2eooooE-01 
I 
-.- -
~ g 
..... 
··-----~ 
~·-·-- - - -- --·- ~-··--
·, 
,_. 
·-
·-
• • • • • • • • • • 
LINE SIZING PHUGRAH 
PRICES BA~ED ON lNFO,iMA!lON O£HAINE.0 IN AUGUSTel974 
PRICES UPDATED BY ENGINE~~ING INDEX FACTOH OF 1.00379 
.. 
LINE SIZE ·ev OPTIMUM VELOCI!'.Y'. METHOD• ~-2~47bl"E 02 IN 
INPUT PARAHETE~S 
!SCHUE:; 6 lSCHL>P= 3 lSCHD~= • 
.'4ATLFL: l MATLFT= 1 1-\AJLPP= 4 MAJLI= 2 
~:rLGS= c! !THICK• 3 NELLS= ti NTEE~= 0 NFITS= 8 NVALVEa 0 
~ 
~ 
HODEl= l MODE2= J. M0DE3= z MOOE4'= 2 
AM~= Oe338000E-01 
:w!...= o.&lSOOOE 04 wG= o.21soooE ~s w:i O •. 95l493E 06 
CP= O.S93000E 00 CY= Oe375000t. 90 
•· 
LENGTrl= Oel6J670E 03 INS= l 
SPHE~S= O.l~BOOOE .03 EQPOP.a Oe(! EPRESS= Oe629000E 93 
ST~RAT: Ge504000E-Oj· ALATHT= ~-lSOOOOE 04 LABHAT= o.l~SOOOE 0~ PWRRAT• o.2eooooE-01 
GAOHRT= O.llOOOOE•Ol 
INTX~r= o.~67000E-02 
.---.. 0 
.. -······· ---·----·-. 
• • • • • 
LIN~ SIZING ~H~GHAM 
.. ·-· -------· 
PHICE~ ~ASEO ON INFORMA!IO~ OSTAINEU lN AUGUSl,19/4 
PRICES UF'UA!EO~av ENGINt::EIHN<> IN01:.x f-·AcroH ·oF l.OO.jf9 
LINE Sl~~.U! U~Tl~UM VfLUCl!Y METhOO: O.l~~Jllf -0~ IN 
INt,tUT PARAME TEHS 
lSCHDE• 6 iSCHUP= 3 ISCHDF= 4 
MATt.F_L: 1 HATLF°t:: l MAJLPP:: 3 MAILI= 2 
( NFLGS: 4 ITHICI\:: 3 NELLS= ~ Nlf::E::»= 0 NF 1 T!:'.= 2 NVALVE= l ... 
~OOEl: 1 MUDEc!= l '400~3= i 
• 
MOOE4= 2 
.. 
HHOL= 0.624000E 02 ~HOb:: O.l~~OOOE 01 HHO= 0.40~b20~ 01 
AMUL= ~.~4~000E 00 
HL= o.61SoooE 04 
.CP:: o.7290~0E 90 CV:: 0.37!:IOOOt:: 00 GL= 0.6b~300E-O~ 
LENGTH:: ~.3~0000E 0~ INS= l 
SPHESS:s 4?.l!:>8000E 0~ EUP[Jt,>: o.o 
STMRAT= o.~o .. ooo.E-03 . ALA htl = o.1~0000&:: U4 LAH~AI= 0.14~0GOE 0~ Pw~RAT= o.2aooooE-01 
TAXHT: 0.200000E-1~)1 Ir-JSR T = o.~OOOOOE-02 uAOHNI~ o.110000E-01 
lNTHT:: (!el:t40000E-~l HOI~T= o.1o~?OOE 00 
.-. 
-- -- - ---- . ---- - ---
• • • • 
f,-J 
0 
(.11 
I 
·. I 
I 
. -~-~~.· _ .. ___ _ 
._, . , 
• • 
LINE SIZING ~HUGRAM 
PRICES BASED ON INFOH_}''A!lOtlf OIHAINEO IN AUGUSJ.1974 
-PRICE~ UPDAT~O BY ENGIN~~HING INDEX FACTOH OF 
I 
LINE SI?E BY OPTIMUM VELOCI!Y METHOD• g.l5588~E 02 IN 
INPUT PARAMETERS 
SCHOE°lll 6 1SCHDP= 3 IS°CHOF::s 4 
ATLFL;:: 1 MATLFT= l MATL.P~= 4 MA!~Is: 2 
FLGS= 2 !THICK= 4 NELLS= 4 NTEES= 0 NFITS= 4 
• 
.. 
0DE1= 2 M00E2= l . MOOE3= ~ MO.DE:4:::1 2 
RHOG= 0.4ll~OOE 01 HHO= 0.411200E 01 
AMU"" Oe24ZOOOE 00 
. . 
Y-UL= Oel'+lOOOE 0~ 
L= o.~96961E 06 WG= 0 • &S4 711:H:: ~6 W= Ua651t718E Ob 
P= 0.794000E 00 CV= 0.37SOOOE:: ~O 
ENGT~= ~.450000E 02 INS= l 
1.00379 
NVALVE= 
"PHESS= o.1~aOOOE 03 EUPOP=r Oe!:l EPR~~S= Oo629000E ~3 
sr~RAT= o.504000E-03 ALATHTa ~alSOOOOE 04 LABHAf= 0.14~000E 02 
I~SRT= o.~o~oooE-02 GAOHRJ= O.llOOOOE-01 
HOIQT= 0.10~000[ 00 I~TY.kr= 0.467000E-02 
C, 
... • • 
-
• • 
' . . 
" I l 
. 
, 
0 
·,. 
•j,,'.. 
";:j. -
· .. ~· 
. 
t 
t § ~ 
PWRRAT= o.2ao~ooE-Ol 
r--1 
0 0) ~ 
t'C 
-------
- -- - - ~-~- ....... _ 
___________ ._...,..~~ 
-·---- - - - -- ----
.,J 
() 
• • 
LINe SIZING ~HOGkAM 
PRICES· U?L>A·!EO BY E.1'4GINEEHING INOl::X FACTO!"( OF, 
LINE SIZE ·B'f QP!IMUM VELOCl!'Y ME!HOO= ~.81~4!:>~E ~l IN 
INPUT PARAHE~EHS 
ISCHOE= 6 1SCHUP= :J ISCHDF'= It 
MATLFL= 1 MATLFT= 1 MA1LI= 2 
l':FLGS= _3 I!HICI(= 6 Nf.LLS= 4 
I 
NTEES=- 3 NFITS= 7 
MOi>El= z MUOEZ= l MOOE3= 2 
' 
RHOL= o.251t4~~E 0~ RHOG: ~.37~200E 0.1 RHO= o.:H2200E 01 
A~UL= o.16~oogE 0~ AMUG= ~ •. 2h~ O (? OE-~-~ AMU=- Oei!4.:!000E 00 
. 
-•L= o.7e&S7~E U6 WG• 0 el EiSH_69t: 06 w= g:. l 6:>l:f6'llt:. O& 
CP: Oe7!:t?OOOE 00 CV= OeJ75000E 0(1 CH.= ~.6~~3~~~-~J 
LENGTH= ~el330UOE 03 INS:s 1 
SPRE~~= ~.1~8000E 03 EUPOP:s o.o 
5 hHU T= ~.&Or+OOOE•0.3 ALATHT= ~.l~OOOOE ~4 
HOlRT= 0.10:>000E 00 
• • • • 
..... 
i 
, I 
I 
1 
i 
'J ' . 
• • • 
LIN~ SlllNG PkOGHAM 
.PRICES Bf~EO 0~ 1Nf0HHATI0N O~TAINEO lN AUGU~T,1914 
Pkl(:~S. UPUA·!EO "'SY E:NGl~EEHlN.G lNOf.X f ACTO~ OF le O~.H9 
LINE SILE BY, UP!IMU~ VEl.UCll Y M~ TtiOO= ~-3~00QUE:. ~c! IN 
INP':'! PARAMEJEkS 
lSCHOE= 5 ISCHDP= 3 lSCHOf-": l 
MATLFL• 1 MATLF~: l M/.TLPf-': 3 MA!Ll= 2 
NFLGS:a 2 l!HICK:a 7 NELLS= 0 I NTEE~= 2 Nt .. I J~:a 2 NVALVE= 
HODEl= l HUDE2::: l Ma'Ot: 3= 2 MOOE4= 2 
~ 
.. 
HHOL= Oe&24000E 0~ HHOG= 0.19~UOOE 01 HMO= 0.1730UOE 00 
AMU= 0.1~6000E-Ol 
wG= o.21sooot:: o~ 1111= 0.78c06bt:: O& 
CV= Oe375000E: OU GL= ~.b~!:>300E-03 
. . . 
LENGTH= ~.177000E 03 INS= l 
SPHESS= ~ell:>UOOOE Oc!. EUPOP.: o.o 
~T,.RAT• u.~0400.0E-Ol ALATl1T:a o.l~OOOOE U4 
lAXRT:s o.2uooooE-~l lNSRJ: O.!:>OOOOOE-~~ 
lNTRT: OeH40000£-!:,'l HOIRJ::: 0.10!:>000£ 00 INIXHI= Oe4670Uvc-Oc 
. . 
._, 
• • • • 
0 
P~~RAT= o.2aooooE-01 
·--.,! 
T jl- .""' 
, ...... 
-· 
0 ; ~ ,, 
.. ~- --~}§fjl'j' .. ~~".'· .,, •• ,., ... ~_~,,-... -.. 
~--:"'"'_~"'-.:·~--·"'.~~-.,~:·:8::-~~z";:~ .... ~~c...,..,.' ... :; .::-~~· :i..:~·: ........... ;_;;;~~.;;,,-1:--... ·~-~:a.-~~~-:  ... ~~--~-=i:,.· ·-~:.;,;'~:ioijs111-ce.:.c·: • .-: ____ -'-------..-,.,. ............ ..;-.~------~.:. ......... __ , .... ._._. _..._...__.~frtolili; «1111·.li:A"S;,.;i;s.i.,·t"<lli1i,""1"ali1,1,··a.a·:·-......,· ........ -·~·,..,_. •. ·;..,-.. )&t,.,··.,-..,:-r..is ... • -...-........,,1.....,.._...._ ... , .... .., ......... .._...._......_ ____ ~-
LINE SIZING 1-'HOGHA~ 
·'PRJCES·._UPOAft::D BY EN(?INEEtHNG INOl:.X FACTOH OF 1.00::Hg 
. 
,:--,'· -' . 
LtN~sliE-BY ~P!IM~M YELOClfY METHOO= ~.2~~44~1:. 0~ IN 
JN~UT PARAMETEHS 
ISCHOE~ 5 IS.CHOP:: ;3 ISC.HOf= 2 
I 
MATLFL=. 1 MATLf-T= l 
-MA"l LPP= 3 MA ILI= 2 
NFLGS: •• lTAICk= 4 NELLSs: 9 4 NTEES= 1 ,-_ -· -
.. NFlTS= 10 NVALVE= 1 
tr!OOEl= ·1 MODEc?= 1 MODE.3= 2 MOOE4= 2 . 
RHOL= Oe624000E 02 RHOG= O.l92000E 01 HHO= Oe~3162~E 00 
~G= o.21so-00~ o~ W= 0.!;,7f00bt 06 
- . 
CP: Oe40100~~ 00 CV= 0.3750001:. 00 
LENGTH= ~e660000E 0~ INS• l 
SP~ESS= ~.539000L 02 EUPDf-'= o.o l:.PRES~= ~.99000-0E ~2 
ALATHJ• o.·l~OOOOE 04 LA~HA~= 0.14~000E ~l 
GAUHHI= ~.llOOOOE-01 
·• .) ! ., T '- C • I O-., .• ll U i: 0 0 l ii.:., 
••.:. 
-~ 
• . s::: 
.. ----· - -·--··-ts 
~ ,_, 
l'.:i 
~ ---- ----. -
,; 
0 0 
• • • • • • • • 
LINE SJLING ~HUGHAM · 
P~I.CE~ eA=:.t.o ON -lNFOHMA I lUN 0(:J fA INEO IN AUGUS 1, 1 'H• 
PR;(CES. Ufl.UA,T£0 BY £116.INE'ERlNG INDEX FACTOH OF 
·•.. . . ' ·':'· ' . 
Li:NE ~Ii:LE: BY OP-!IM~M YELOCl!Y HE!HOI>• ~-3~00~C!t: ~.!- IN 
, ~ 
l.~~~T: PAH~"ETEtcS 
ISCHDE= s 1-SCHl>P• ' :, ISCHDF• 2 
MATLFL-= l HATLf"T• 1 MATLP~• 3 HAILI• 2 
IT.HI_C~• 3 NELLS• & NTEESa: 0 .NFITS• c, N~Al.VE• 0 
HOOE.le 1 HOOE2·= 1 M0DE3= -~ MOOE4• 2 
RhOG• 0.1~2UOOE 01 RHO= Oel~lBZOE 01 
•Le O.bl~OOOE 04 lfG.• Oe215000E U::J 
CV• Oe37SOOOE 00 
LlNGT~= Uel03~70E OJ INS• l 
EQPDP• O.O 
ALATHT• O.l~OOOOE U4 LA~HA~• U.14~000E ~~ PWRRAT• o.2aooooE-Ol 
. . 
GAUHHr• o.110000E-Ol 
HOIAT• Oel~~~OOE 00 lNTXHT• Oe467000E•Ol 
. . 
_-,-= 
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RU".#· Act. Die.n. Di~r:i Tott.1 Tot~l Totc.1 Cost Cost 
I Diam. by:_ Opt by cost Cost Cozt (Act.-: ( Opt v~ 
( 
• 
'(in.) Vel. Prgrm for for for Prgrm)) Pr(lrm) 
r, '(in.) (in.) Act, Diam. Diam. ($) ) 
(' '/ Di~ by: by,;· f ($) Opt •• Prgrm. 
Vel 4 ($) 
I 
' 
1 20 17.56 12 13557 10334 7920. 5637 .• 2414. 
2 20 · 17.35 16 788,7 698.5 69$..5 90.'i7 90:~27 
3 20. 17.51 12 21098 163'66 8443. 12655 7922. 
• • 
4 18 16.17 18 4707. 5079 .. 4707. o.a; 371..3 
5 18 16.18 16 2379. 2284. 2284. 94.80 o •. o 
6 16 16..13' .18 1085. 1085~ 1027:. 58.l 58.08 
I • 7"l 18 
15.97 12 12282 101871 7136. 5145:.. 3051 .. 
13 12 :J.0.65 8 4402. 3509. 3042. 1359, 466.3 
18 16 14.11 12 5579.· 4697. 4058. 1522. 639.1 
f· • 140 18 
17 .29· 16 1432 •• 1432 •. 1432. 0..18 0.00 
671 ].OJ 8.12 6 2976. 2267. 1891. 1085. 376~.2 
," 
• as~ 10 9.023 10 .. 
76 16 12.46 16 7396. 9572. 7396 .• o.m· 2177! •• 
80 14 13.77 12 10240 7750. 7750. Z491 •• o.oo 
01 I 100) 60 '57.03 30 37100 33083 16638 20462 16444 
102-1 36 35.5 30 •.. _4129 .. 4~9 .. 3489 .. 639.!3 63~ .. 9 
102-2 '36 25..JA 18 1168. 682.8 460.2 7071. 7,· 222.6 
q 
•· 103 36.' 34 • .SO 20 19901 14390 87d~ 
11183 5672 •• 
l 
104 1' 24 23.41:$. 20 7424. 6162. ~162. 1262. o.oo 
' 
I 105 20 18.93 12 6112 5113. 3664 •• 2448. 1448. 
()) \1: l.~ 20 ~.58 , ..18 2440. 2~1~. 2283 •. 157.0 535,.9 
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Rum# Act. 
Diam •• 
'.  • 
(in.) 
• t 107 16 
114 36. 
118 24 
• • 
188-1 36 
188-2 36 
168-3 36 
I t 188-4 36 
·1· 
t, • 
I•,• 
' . ~-
0) .I 
---- ---·--·------~--
Diam. Diam 
bv.;. Opt. by. 
Vel. Prgrm (in.) (in.) 
8,120 
3Er.lJ7i 
24.07 
35,38 
25.02 
20.43 
14.44 
, . 
(i•• I • .t 
' .,' ... 
14 
30 
24 
24 
24 
. -
18 
16 
.. 
· Total 
cost 
for 
Act. 
Diam. 
($) 
4231. 
10915 
5383 •• 
20349 
]1738. 
957.0 
1522. 
I 
Total Total. Costt Cort. .. L: 
cost Cost (1.ct.- (Opt·J-
for for PrP.rraj Prgrm) I' Diam •• Diam... {$) (8) bv. by,, 
Opt. Prgrm. f: 
Vel. {$) l 13579 4041. 157.0 9538. ( 
10915 10467/ 448.2 448.2 I 5383 •• 5383. 0.00 0.0® ~ 15568 12255 8094. 3312 .. 
' 1194. 1194. 543.8 o.oo f 
t 
548.3 506.8 450.2 41.51 
480~9 465.7 1056. 15.20 
l 
l 
t 
If 
0 •• 
IJ • Run.'l # 
' 
• I f 100 I 
114 
118 
j 
·• 
J I·' 
100 
114 
} 
" 
118 
·~ 
., 
l00.1 
114 
Ct . ( I 
118 
(I· • I 
100 
0 '. 
o I 
~ETff ITIVI'!Y 4}ULYS!R 
Makins: S~RAT 0.0006557 (PWR $9.75/hp) 
Total COEt Total· Cst ~Total %Change %Change (Diam by after Cost Total STMR.AT Prgrm) Change Cost 
. ($) ($) ($)) 
16638. 16970.4 362. +1.995 t29.96. 
10466.8 10659.l 192.3 +1.64 t29.96 
5382.83 5420,59 37.76 +0.701 +29.96 
l·lb.kinR LAERAT 10.60 
%Change 
LABRAT 
16638 •• 15854.6 783.4 -4. 7L. -26.90' 
10466.8 9664.05 802.75 -7.67 -26.90 
5382.83 4997.29 385.54 -7.16 -26.90. 
Making DPT !ME 15.0 
%Change 
DETIME 
16638 1'1595 .10..i 957. 70. t5.75 -i5.0 
10466.B. ll.072.70 605.90 +5. 789 -25.0 
5382.83 5706.96 324.13 -+6 .02 -25.0 
Making LENGTH 25.0 (20.0 for Run #118) 
16638. 
%Change 
f.!ENGTH 
623.3.35 10404.65 -62 .54 -65.88 
10466.8 .7321.23 3145.5!'/ - 30.05 -75.86 
5682.~ 3b86,53 1994.30 -37 .oo -74.16 
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'f" 'Ir.: r. :'T •• r..~ ... J. 4,.1,;,. ROIRT 8.01467;' 
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Run:J# Total Cost Total est ~Total %Change %Change (Diam by after Cost Total ROIRT 
· Brgrm) Chanye ($) Cost 
. ($) ($ 
100 16€38:. 11447.4 5190.6 -31.20 -86.03 
• t 114 10466.8 7182.79 3::?.84. 01 ~l. 38 - 86.03 
118 5382.83 3626.09 1756. 74-32.64 - 86.03 
• • ?-~king LEUGTH 250 
%Change 
LEY.roTm 
t • 100 16638 27115.8 10477..8.: t62.98:· +41.19 
114 10466.8· 16;324 .. 4 5857.52 +li1L.~8 .. +103.57/ 
118 5382_~ 9362.39 3979.56: t75.~3 +158.37,' 
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The. results otttainecf"wer·e run .on an IBM 360. c.ompu.ter. 
The ave~a~e ruhnt'.fine wat· ·o.42 sec (CPU time) .•. 
The time required to fill in·input forms ca~ var~· 
greatly:., depending on the familie.ritx. of the user with.the 
parameter namP.s~ and the availability of in'D~t information. 
One~ ~tandard input forms are incorporated., the maximum,ti.tnE 
req_uired per line should be bet·ween: 5 and 10 "manHJim.1 tes n. 
(See section onj PROGRAM USAGE for informatio:n required om 
standard input forms). 
It ,:-as fnund that the aver~ge savi:1gs per lino(t,) for 
the rum presented, 1 was $2'777 • .36: per yr. The v.early 
savings ner line($) rana~d. fro::n $0.0., for the cases im. 
t 1 1-rhich.1 the program predi~ted t!1~ .:iame line size as was 
acta~lly used,, to $20 .• 462 for -rum 100.. The3e sa.v~s are 
based on · the difference bet"..reen 1 cost as2ocia ted wi th.1 
W I actual diameter and cost associated with the diameter 
predicted by the optimum velocity method c.nci the diamet~;r 
predicted by the prog,ram •. 
• •· 
IJ t 
t '. ,: 1 . 
,, . 
The possibility. of- adjl,ls~lng the constant in the 
e~uation:.for di~meter by the optimum velocity,, using the 
diameters,,f'low rates and densities ·for the example rW?S 
. ' 
was investigated •. This can.:-be accomplished for ·~ g,ivem 
l I' . .- • 
jj:d:r, with·the constant adj~$ted so that the net cost 
difference is $0.0 •. 
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Ho·, ever·~ the ~u.jµs!Jeci. constant would. mof.t like~y,. no.t be v&lid 
tor a~tbei:· ·Jpb,. dle. to the specific nature. of the method usedl 
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In general., the line size as predicted by the progrem., 
is ~n,e standard size smalle-r than· that predicted by the 
optimum velocity method. Many or the actual sizes are 
slightly larger than predicted by the optimum velocity method, 
most likely to provide for larger flow rates in.1event of a 
plant expansion. This general result reflects the large 
t increases in material costs for piping., fittings and 
valves with respect to the ch&nges in po·~:er costs. 
The feed· circuit·~:, rµns L,l> ,17!, .. and 13 .,. includes'. 
t valves in1., the line. resulti'ng imi sizes which are 
considerably lower than.the optimum velocity predict~on. 
Runs 4 and 6, ·1nvolve two phase flo~., for which the _progrc;m 
I predicts sizes which are one standard size larger than the 
optimum velocity method. 
The rema1niD£ circui~s ,: rups 67 ,. 109,105,aini,'. .. 
t 188-1 1 . in~lude valve_s which results in a lower line lize 
than,.predicted by optimum velocity. One e).".ception to 
• 
this situation is run. 80, whic}:l includes a valve, ho·wever the 
predicted size is only one stamiaro. size smaller th&n optimum 
velocity. Runs 68 a.."'ld ?6 are for single liquid -phase flow. 
Run 76 ~redicts. the next larger standard size than optimum 
• velocity, while run 68 predicts the same size as optimum 
veio~ity due to th~:)V2:6240 limitation.;. This max. alsQ be 
1
1., 
. I 
I 
due to the tact that five valves are included in the line 
for.run 68 • 
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Run 100 is for· a laige line i·.'ith :10 vc:lvcs. however a 
smaller- size ~s:predicted because of the hi2h cost of the 
fit:tlllllS at larsre•(5A ·1Dl). diameters. ~unnl071 is for 
two ohase flow. T"ne line size by optimum vaoor velo.<Zi~· is 
ouite low. since the vapor flow rate is approxi~ately 
l/5 of the liquid flow rate. The line size uredicted bv the. 
nro~ram is close to the actual size. 
Run ·:188 represents a header. which is connected tq four 
iniets.. Each. section of the pipe, has a ciifferent flow 
rate. Thus the run was broket:1ndo'-:n ~nto four parts 
to determine the· savings achieved by cons.idering· 
~ach section::seoara.tely. 
Inn the sensitivity analYsis, .. the values_ of the 
'Q.arameters which were varied.,before the change, were: 
STMHAT 0.-000504,, LABRAT 10.SO, DPTIME 20.o._ and ROIRT 0.105. 
These parameters represent the cost of steam.($/1.lu)),, the 
direct l.abor rate for steamfitters($/hr),. the payout time for 
the capital inNestment(yrs), and the yearly rate of 
return:1om investment(%). The· origina:,l values of LEMGTH 
were 107 ~ .. 103.·s. and 96.75 ft. for runs 100., 114., and 118 
resoectively, •. LENGTH represents the length of the line 
under test(rt.).. 
. -:·· . .... , ~ ... --. ,__ . . . 
I. I' 
.~·~::7::.~.-::' 
: ','.',i! • 
. ~ .. ';j?i·:/ .· ~ 
IJ8 
I 
, 
,....-.~--·-- --------· ·-- -· 
.,. , .. · ..... ,~ .. ., ...... _,., .. ~--:. >Luhr ;.,:,t.J,ah:41 +>4%tit:c'whr#t ·irtit:t4tL•;i..,w~-·,,;wit+?t.+'4svu¥:it,•r:e•111lr ·11t?tHsw•t1t+t+rt1rd · ftttft' ¥t>r ·Ha·: t ff Wt k'SdFIMklt t '#(f In·, dkftt"rsbr hl':sr::±httllt c:·i"c, ·· · 1 
·• 
Im develoPilla the proe:ram., the Darcy,..(Fanning frictiom 
factor) was used :llndetermining the pressure drop. As am 
alternative, the Dtl.l P.ont chart could have also beemused, 
yielding estimates for pressure droo which e.re more conservative. 
Also., .the eciuipmem cost equation for comoressors was 
90 
• 
mo:iified .• , irr::order to ·give estima tGs which are more com.erva. ti ve,,. 
whe~compared with.the equations from the data inllthe Guthrie4 
artir.~ •. The effects of these alternatives could be invest:lig?,ted,, 
as well as the effect· of comp-ressor equipment cost on total.. 
1 cost. In."'laddition. it is suggested that the E~onomi:c~ EvalUE.tiom 
department iDNestigate the developmem of the economic 
analysis •. · and the cost est1mati.mg proceedures used imth-e 
t nro~ram •. Also:,the co~t data .could he updated by the ecormmic 
evaluation department onri a regular basi~ •. 
P.ricing information for piping, fittings,> flanges. and 
, insulation was obtaine~ from suppliers through the purchasing 
department of Air Products and Che:ci.cals Inc. 
. . 
• 
•• 
Pr-icing information.,for valves was obtained through the 
I 
e·stimates of M .• ·Weiss of the Design De_partment of Air 
Products and Chemicals. The valve orices which were not 
available, were not expected to be f .;e~1u~ntly used. If 
orices arer needed, the user can exa mine the price. sheets,1 
and edetermine an item (fitting, flange, :or another valve·_ 
. . 
type),) which has. approximately the same pr i~e. 
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Also, if an item has a value which is approxim~: tely 1 or 
1/3 of the value·of the valve, 2 or D elbows or tees couldt 
be substituted'in· its· place • 
. . -
' Ma:r:iy ·or the large size f.ittinis were ·prll:ed on a per 
pound basis, since prices -.:ere not avn.ilabie on the standHrd 
price sheets. In:im.tJny cases, especially for teElS, difficu1ty 
... 
~ 
was· encountered in estimating the -,,rnight. of large fi ttini.:;s. 
Again, items of similar cost could be substitut.Ed. Another 
solution to the problem of unavailability. of cof.;t rJ.;;tH, i:;; 
_..,. to place the dimensioned cost variables,_. V AJ,VI:C, :7;LLC,, Tr:I;c ,., 
and FLGC,, in the name list input sta t~ment, and to lnput 
prices for the missing sizes. If this is attemptedi tht 
stops wj.11 also have to be removed from th~ progrmit, 
·~ 
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lN~UJ PAWA~~l~H~ fOH LIN~ ~ILING PHOG~~M 
ALATHT = LAl~NT ~~Al OF WATt~ AT STEAM ~UP~LY PRESSUHE (BTU/LB) 
A~UL: ~ISCU~ITY OF LlUUlU FUH IWO PHA~E FLOW (LB/Ff H~) 
8HNLF: PEH-C!:.NT HHU~l[ lN PUM~ 
A+IUU=fi~S 111::.CuSl TY FOK Twu 1-'.-iASt. l'"LOW(Lti/FI HR) 
Ct> = . CON SJ :.NI PHE.S::.U'°\F.. lit.A f CAPAC l TY • 
C~T~?u= PlH ClNI CAHP[MTUH ~u IN PUMP 
C~TI~~: ~tH Ct.NT CA~T IHUN lN PUMP 
C~TSTL= P~H CENf CASl ::,Jt.lL lN ?UMP 
CV= CUl'IISTA•~T VuLUMt:: Mt:AT C,.t't.ClTY 
Dt:LHr'= Cr-lA\1'3E IN r'Et::U C!HCUlT HOHSt:.POwEH, PER STAGE(3 - STAGE 
CU~PRE5SO~ A~SU~El)l fUH IUIAL PH~SSUME DHUP IN FEED CIRCUIT 
Et-FCYl=EFFlCIC::-,;Cl' lit-' C!:."wl1drUbAL / "10i0~ .)1-:lVEN PUMP OR C0"1P 
EFFCY2~ ErFICIENCY u~ Ct.~fH!FUGAL / lUH~INt. OHIV~N PUMP OH COMP 
LfFCY3= F.FFICIENCY 0~ Ht.ClPHUCAllNG / ~010rl DRIVeN PUMP OH COMP 
EfFCY4= EFr !CIEr,CY OF ~c.L.11,HUt.;AllNG / IUHHlNE D~IVEN PUMP OR COMP 
E~~E3S = P~ESSuHE AT UUTLtl Ut lE~T LINt. 
~UPUP = P~L~!>UH~ DHUP IN t:U41PMt:Nl ANU LlNZS NOT INCLUDING 
LlNt. UNIJ!:.H lc.!:il 
GAOHRl = 6 OF MATL ~U!:i15 FOH UVEHHEAD 
GL=SUf<FACE lt:NS10fll . <Lrl/~ JI 
ti!>TLYC:.: Pt.~ Ct.NI IIA!>IALLUY C lN PUMP 
lMAlLlJ> = ~AltHIAL U~ CU~!>IHUCTIO~ FOH VALVES 
lMAfL<JI ~ l FOK LCS INON EAl~NOED UONNET OUISIOE LIQUIFACTION) 
l~ArLCJ) =, Sl~lNLF.!:iS Sl~t.L 
IM~TL(J) C ~ LC!> -
lMATL(Jl = 4 FOK 3-1/~ NJ~KtL 
I ;,is :: 0 IF •'-U li 1::-UL I\ I I UN UN L l "41~ 
I•~~ :l\lf" JN::.UL!.IIUN.CJ:'1; LlNI:. 
INSHI ; 5 UF MAfL co::.r::, rUH lN!:iUHANCE 
ll\,fHT:: ~ Of MATL cu::,rs tOH HHt.HF.Sl 
lNTKHT =~OF MAIL cosrs fOH INC lAX ALLOWANCE 
IPA~S~IJ) = Ut:::.IGN PHt.~!:iUKE FOH ViLVE J 
Ih·H:.'.~(Jl = l FuH l::,U L~. 
l f' ll t. S !:, < J i = ~ Fl) H .:iO U L 1:3 • 
I~~~~!>(Jl=~ t-UH oOU L~. 
IPH~~S(J)= ~ rOH cUOU L~. 
!SCHDt: = ~Crit.OULE fOri f!!TlN6S 
I~CH.)E: l 3UOU Ld 
I~ChDt = c bUUO L~ 
I::.CttfH: : 3 ~-10-s 
I~ChJi =4 ~CM cO 
I~CHDt.: 5 SCH~~-~ 
I~CHDE = 6 ~CH ~U-~ 
ISCHOE • 7 SCH lbU 
·- ---"' ---: .-- --- _. 
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• 
1::,CHDF= SEHVICE PH~S~U~E fOH f'LANGES 
l!:)CHDF=l FOH l :50 LH. 
J::,CHOF=i! f''OR 300 LH. 
l !:l.C11UF=J H.1!i ~00 t.H. 
J::,CH.Jt==.r+ fOH b" (J l_B. 
!~CHOP ; SCHEUULE. FOH PlPE 
. " 
-
• 
[.IA IE c (4337 
C 
C 
C 
C 
C 
C 
C 
c· 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
~ 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
FUR ~AILPP=l 3-1/G Nl -· __ FOi:(__ 1/2 htHU .SZ IN 
l!:>CHOI-' =l 
ISCHDP-i: 2 
I!:>CH;)P = ~ 
I.;;CHi)P ,;. 4 
::,cH 10 
SID wr 
· r OH ;_H · 
•. FOH SCH lbO 
FUR lMAlL = l ~2 lHHU ll lNe 
l~CHDP=l 0.2~0 wALL 
!~CHOP= l FUH J.31~ WALL 
1::,cHOP =l FUH o~~ou WALL 
1::,CrlOP = 4 fOR O.o~S-wALL 
1::,cn~P =· 5 FOH o.rsu •ALL 
!SCHOP: 6 FOH 1.00 WALL 
!~CHOP: 7 FOH 1.2~0 WALL· 
t 
FOR ~~ILPP = r. 9~ NI ALL Sl£ES 
SAM~ A::, ~b IHHU 7~ IN 
FOR fl.A{1.-PP=3 1/~ THHU 48 IN 
!!:)CHOP = 1, FUH SCH lU 
ISCHDI-' : ~ r-OH STU Iii j 
!:>CHOP = .3 f"OH XH 
I!:>CH'.:>P = ,. t=O~ !:,CH loO 
I !.,CtiDP = :) !:. (Jt-< SCH JC.:XH 
NI 
·C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
J-1/~ ~ NI ~6 THRU 72 IN. 
F\Jk MAILP~ 
-
4 112· THHU 5~ IN. 
!~CHO~ = l FUH ~CHEU 10 
ISCH!lP = ? FOK STU W.1 
I~CttOI-' = 3 i" OH AH 
l ~CH.JI-' = 4 f-'01-( Set-tu> 20 
l:SCHOt-' = Et YOH ::,Cttt.l) lbO 
I~Ct1DP = f, t- OH X.I.H .. 
• 
l8/S7/20 
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C 
C 
C 
C 
C 
C 
C 
·c 
- C 
... C 
.c 
·.,C 
,· C 
.c 
- C 
- C 
! C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
.c 
(; 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c:. 
FOR 56 THHU 72 IN. 
FUR "4A1LPP = ~ 
SAME AS ~b THHU 1Z IN. 3-1/2 ~ Nie 
SAM~ AS MATLPP = 4 
FUR I~ATL = b, 7 ~ 
· FOH 1/~ TH~U ~2 IN~-
.1~Cl10P = l fUk ::,s 
i;;CHi)I-' = 2 f-"OH 10 S-
lSCHDP = 3· FUk 40 s 
!SCHOP = 4 fOR ts<> s !SCHOP = ~ 1"01-l SCH lt-0- -l!:,CHOP = b FOR XXH 
FOo< Sb THRU ,2 IN. SAME AS 3-1/2 
IhilCK 2 lN!:>llLATIUI\I THICKNESS 
-- J 11-flCK = l FOK i12 IN. .., 
l1HlCK=2 FUH l lNe 
IIHICK = 3 I-OH 1-1/~ l~• 
liH1CK = ~ FOk c IN. 
Il~ICK z j FOR i-1/c IN. 
llHICK = ~ FOH 3 IN 0 
lTH!CK = I fUH 3-1/~ IN. 
IJ~IC~ = H ~OH 4 lN. 
lfHlLK = ~ ~0R 4-l/~ IN• 
I1H1C~ = 10 FUH ~ IN. 
NI. 
I V AL I/ t:. I J.) = I Y I-' t-: 0 F V ,\ L V t. r OH V JI L V E J 
lVALVE(J) =!~UM &Alf VALVE 
1 VALl/t. (,J) =t! I- 01-1 hLOrH:. VALl/t. 
I VALVE (JJ = .:l f-Ot~ CHI:.(,._ V.I\LVt. 
IVALVl(~) = 4 I-UH HUITlRFLY VALVt. 
). 
!:i6 
K~CNJ: <LIU) FACTOHS I-OM rITllNGS ANO VALVES 
THRU 72 IN. 
LABHAT = Dlt<t:CT LAtlOK t.~11:. ~UH !:iTEAMFlflER~ AT LOCATION 
CUtJ~lHU~l lUN ( S/HR) . 
Lc~GT"= L~NGIH Ur LINt If!) 
MAfLFL = ~~IL fO~ fLANGE~ 
MJ,TLFL=l CA!lt1C,,,; STL Albl GIH 
MAfLFL=~ SIN ~IL Al8~ ~lh-L 
MATLFl= ~AIL FUM Fll1IN~~ 
MATLFT=l LAHHUN SIL-
MATI_FT =?. ::>IN-SIL 3U4,3U4L 
H~TLFT : 3 ~IN ~IL --~!6L -
H~TLI = MAlL ~Uk lN~ULAllON 
~ATLI=l fUH CALCIUM !:iTL!CAI~ 
MATLi =Z FUH UHETHANt:. 
MATLI = 3 fOH FlBtHGLA~~ 
MATLPP MAIL fOH PlP!Nu 
~ATL?P=l 3-1/~ NlC~~L 
OF 
' -· ----·- -- ----··-·-----
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FO~TP.AN 
0001 
oooz 
0003 
IV G 
,_, 
• 
LEVEL' 
C 
C 
C 
.c 
C 
·c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
(. 
C 
C 
C 
C 
C 
C 
C 
C 
C. 
C 
C• 
C 
C 
C 
C 
C 
C 
~ 
C 
C 
C 
C 
C 
C 
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MATLPP - 2 9 NIC~EL 
MATLPP=3 CARSON ~rL A10& GH B 
MATLPf' = 4 C~TL A~j GR U 
M.t'.TLr'f'=~ C.IIRclUN ~IL A,'i.33 GM 7 ....._ 
""J\TLPP=t: 10t.LllE.LJ ::iTN ~IL I Yf't:. 304 
~ATLPP=~ ~t.LU~U SlN ~iL iyp~ .304L 
M,\TLPl-=t:1 w[Lnt.D ~IN ~,L· lYl-'t:: jlbL 
MUDt.l= 0 JF ALL LIUUlO IN LlNE 
MlJDEl=l !f ALI. VA.-,UR fLUW It~ LINE. 
MUnEl=~ IF TWO f'HASE FLOW IN LINF 
!'1·.,oc: c=U IF lli:.K 1 I CAL L 11,!£ 
Mvr}t.~-=l IF tW><lLUNIAL Llo'.11::. 
MUU~3=1 If MUll~M J~ A PUMP 
HUCt.3=~ IF M0VEH IS A CUM~M~~SUM 
MUU~4= l IF C~Nlril~UbAL / MUIOH URIVEN-
MUDt.4=2 IF Ct.Nl~l~UbAL / lUk~INE U~lVt.N 
M0D~4=J IF MtCl~~UCAIINU / MUIUH UMJVt.N 
"~Ut.4=~ IF Ht.CIP~UCAilN6 / lU~UlNt. DkIVEN 
Mull!:.~ = o H. !NJ r lAL u!Ar,, 1~ INPUI ~v u~EH 
MUOE5 = l lV 1Nl11AL DIAM 1~ 10 HE CALCLIL~lEO BY PROGRAM 
M\.>L"IU, = 0 C:OMPHE ~SUI~ hf-' AN[J COS r CALCULA T El> - t:JY METl"IOD FOR 
t-E.Fl) ClHCUll 
18/57/ZO · · · 
MJU~b: l LOM~k~~SUM H~ ANU CUST CALCULA!ED UY STANOARti EQUATIONS. 
M~NEL: PE~ ~~NT MUNtL IN PU~~ 
M~~l~ :.MO~lh Nu~u~H ( ~A~E = JAN 19~~) 
NtLL~ = ~u~tilM UF ~U ~E:.. ELLS IN LIN~ 
NfJT~= N~M~tH Uf FJTIING:> 
NICKEL= ~tM CE.NT NifKEL lN f-'UMI-' 
NIEES = ~0~~~H 0~ ll~S IN LlNE. 
NVALVE: ~U~b(H OF VALVE:> 
PC~ANA ~ fUl~L 1-'"E~~UHt UHO~ IN FEED Cl~CUII 
\10 lNLEI U~ ~AlN t.XCHANGtRl . 
P~HHAT= COSI FUH ELEC1MIC11Y (~/Kw HM) 
Rt.FH? = IOIAL HP PER ~IA~l U~ H£fMl6[HATI0~ CIHCUIT CO~PRESSOR 
H,., 0 L : L I ~ ..i l J U E N ~ J I Y l f- f ·« U ~HA ~ t. fo LU w ( L 13 / 1-· T o o ~ ) . 
~tH)u = C,A.5 L):.l\iSIIY FCJtl Jv;u 1-'HA~t. t-LOlli (Ll:1/ffe>o::S) 
~UJtil = !\ Uf r-lAfL C.USI::, f-UK riE:.TlJt-lN ON lNVt:~T~ENT 
~1-'Ht~S= S~LllON 1-'HES~U~t. U~ MUVt.H - -
SIMHAT= 1-'~lC~ f-OK ~TtAM (~/Llil 
SIN~ Tl. :: f:'t_H Ct.r>Jl STA l 1'.Lc.~S :, TEF:l. lNl'UMI' 
fAXHI ~ ~ Uf HAIL CUSIS rUt-1 IAAtS 
Tt!N~: P~H Ct.NI TI1AN1UM IN PUMI-' 
Wt.= LlC.:lltfJ FLOv. kArt:. ~UR TWO 1-'IIA~t:. FLOW IL~/HR) 
WMlt1Tt = 1-'t.l< Ct.t~I WllMIHllt !N ~UMt-' 
W~= GAS FLOW HATt. FOH 1~0 PHA~E FLOW (L~/H~> 
CI l":t:N SJ Ur-. o C 21 b) , <.; < ~ l ~ l , E. ( f c) • A ( 1?. • 3, 14 l 
COM~0~/AhEAl/O!~T,~0ULl,~0U[c,fJ1AMtHHOL,~HOG,AMULtW6•WLt~L· 
CUM'-\U'.U 4hl:l\c/Ar1Uu,Lt-:Nh I rttr{,< ( l 00), lNUl:.X 
--------------- --·-
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C 
C 
C 
4 
3 
2 
10~ 
27 
28 
COHMON/~MEAJ/Nf!TS,NVkLVE,HHOtWtAMU 
COMMUN.I II hE A4/t.: t', r.; V, iJUr-, "'ON l H, t.UPDP, MCJ[.)C: ·3 
COl-,t-1(}!'.)/ Al-iE ~!:)/MuUE4 t f'wHHA r, I sue I, E ... Ht.~~ 
~0MMUN/AH~Ab/C~1IHN,~k~lt,c~T!:>IL,!:,INSTL,CPTM20,WRTHTE 
CUMMOlll//lf./F.:A//HSll.YC,MUl~EL•NlCKf:.Lt 1 i !NM • 
COMHUN/A~llH/P~"•IOTC,PUMPC,T~ITC, ... lPC,FNGC 
coM!"4'0~,,. i.t. 1i •11coMPC..., i !:> 11-'t-,r,, rs t cM1-1, !:>PME- !:,!:, , ul' 11 MC: 
CO~MO~/A~~~l0/LA8HAl,JN!:.TVl~U,4l,VALVEC14,~,7,20),VALVIN,VALVC 
COMMON'APFAll/lPH~~Sl!Ol,lVALVE(lOl,IMAIL(lOl,I!:,llE,lNS 
COMMUN/~H~Al2/~l~HAl,IILA1HT,IAXHl,lNSHl;uAOHHI 
CO MP-1 U 'II/ A I~ 1-: ll 1 J / I r • T k I , Hu H, I • l N i "'t-< l , N t. LL:; , N r EE!:. , ~ I T I N • PI PIN 
COM~0~/~~E~l4/VG,A~VS,~ATLI-L;MATLl-f,MAIL~P,~FLGS,ISCHOF,ISCHOE 
C0•1 "IU ~/AH EA 1 ~/IS C 11:.H' • Jf j TY I' I 1 U I ; ,... A IL l , I IHI CK• A I NSCS 
CO i 1 '1 U ~ I A f-1 F. A l h / E:. r F C Y 1 , 1-. I- I- C T ~ , I:. f F C Y :; • E F f. C Y 4 • MOO l:. 5 
C0:'1"10~,/ '1HI-: A .1 1 / rCrlJUG, LJt.L c::, I •Ht.I-HP, MOIH:. 6, LllLHP 
HEAL Jl>j S I V , LI\ U i-< A I , I NS I< T , If~· I H 1 , I I'< 1 )(. H T 
HEAL JN!:,UH•INIST;lNCIAt,1::,1c~~,I~lPMP,K~tLEN6IHtLVF,M,MONEL•NICKEL 
NAMEL(SI/PIPt./~FJJStNVALVt.1K~tMUUfl,M~U~~,RHOL,HhU1i,AMUL, 
1 AMUG, "r;, "'L, (il., L !:.. Nu r h, "HO, v. , A Ml),~ P ll I-. s s, LA d HA I , I PHE S S, Iv AL VE., I MA TL, 
lCP,CV,MUNf~tt.Y~UP,MUL)~~,MUUt.4,HHOL,HHO~,PwMHAl,t.PH~SS,CSTIHN, 
lBHNlE,CSJSTL,Sl~::,TL,CPfll~U,~HIHIE,HSTLYCtMONE[,NICKEL,TlTNM, 
lSTMHATtALAf~ftfAXHTt!N~HT;bAOHHl,INrHT,HOIRT•INIXRTt 
l HA I Lf Lt l"IA 1 Lt.-1 , l'lA TlYP, NF LG::,, l SC HUF t l SCHDE, I SChOP •MAT LI• I TH l Ct<, 
1NELLS,NJE~~•JfIIYP,IN!:.,t.FFCYl,EFFCY2,~FFCY3,EFFCY4,MODES,DlAMt 
lUPIIME,PCHANG•UELCS!,ritfHP,MUU~~•UELHP 
t 
VALVE COSJ INFO HEAD IN fHOM DATA 
00 100 lf'PP=lt4 
U~ 2 lo/VV=l,4 
DO .3 11-'"'t/~l • I 
00 4 l~lLF.=l•~U 
VALVECllPPP,!VVV,lMMMtlSILE)zUeO 
CONTINllE 
CUt'T I !\Ill~ 
cor, T INlJt: 
W~AOl~,~~I (VALVEC(l,loltl!:.JLElt 1Sll~=l•~) 
HE/\il(:,,?i!l (VALVEC<c•l•l•l!:.llt.), ISJLE=l,~) 
HF. Ar) ( :> t i'. c ) I V r. L V l C. ( 3 , 1 , l , l S l Lt. I , J S I l E = 1 , :, ) 
H~AU(5,2cl (~ALV~c,1.~,1.1!:.llt.l, ISilE=l•~> 
lJU 21 l~ll[::l,~ 
VALVEC11,3,l,lSIL~)=VALVEC(l1~1ltl~llE) 
HEA0(5,2cl (VALV[C(c,~,l,1!:.ll~), lSIL~=l,:>) 
00 cB l!:,ILE=l,5 
VALVEC<c•3•1•1SIZ~>=V~LVE~<2•c•l•1SILE) 
H~AUl5,22l (VALo/EC(~•~•ltlSll~>, ISILE=l,5) 
UO 2~ TSilE=-1,5 
VALVEC(~,3,l,1SlLE)=VALVEC<3•,tltlSILE> 
• 
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OA 1 t:: = 74337 
CO<t2 
C C'>J 
0044 
ou.r..5 
Ov .. b 
!J04 7 
oo .. a 
Ol.l4'i 
0050 
0 C:, 1 
0~52 
0053 
Ou:>'• 
00:,!:, 
00:,6 
OU:,7 
Ql):,h 
00::,1.J 
CO t>_CJ 
OOb 1 ' 
0002 
OCt,3 
00>:>4 
oo•,s 
~Uob 
Oc67 
OOhd 
QQt,9 
OC/70 
01171 
oor~ 
0073 
0074 
007!:, 
Oil7o 
QiJ7 7 
007d 
0079 
couo 
0 (, o l 
o l.lcJ2 
00h3 
Oilo4-
001'!> 
OOHb 
0087 
00h!3 
OOH'J 
--· - -
41> 
41 
4~ 
OU .. c lPPf'=.l,j 
00 41 IVVV-=1,3 
00 40 l ~!L~:=1,5 
VALVl:.C(!PP~t!VVV,2,ISlL~)=VALVF.C(IPPP,IVVV,l,lSIZE> 
CO•HlN'-'E 
co1 ... 11N•1E 
HEAD <S·2~> 
HEA0(5,22) 
HE/\n (:, • 2<!) 
HE4..)(5,2t>> 
HE /\ IJ ( oj • t:'. ?. ) 
kl::/\!J (:, • ?.2 > 
HEI\Dl5•2r.) 
l<EAO ( 5 ..:(b) 
Hl:.l',0(:>tc~J 
HEI\D(5,t2) 
riEH:: ( 'n ?2) 
Ht ,\I) (:,tr .i) 
Ht.~(J (::.,ti?;>) 
Ht:':AD(5te2l 
~Et.DC5,~bl 
r<EAO(S,i?cl 
ki:.A0(5t'°ll. 
HEA(.)(!:,t:.i'.'ll 
1'EAO C:, • c-r..) 
H£M>(5•22l 
"<EAU C 5, r. .:!) 
HEA0(5,.c2l 
ktA[)(:,,C:?.) 
~t./1:J (~oc.::l 
HEA(j ( :,,~t l 
wt:.::J<5,c2> 
Hf.Ai) ( !::, , 22) 
Hl:..C.0(5,?..?l 
Ht.AO (:, t ;'.I') 
rlt.A[) (:, ,ce1l 
HE:. .. D(!:i•?c'l 
~f:'.Al)(!:,127.) 
Rt.AO(S,tf.l 
t-,!(-.f~i..i ( ::,, C;,) 
ht.,'..!J <=.i,~2) 
kl:.J.O C~>t.:-6) 
HEAU(:>tit'l 
f<f:.AU(:>ti:2l 
Hl:.AD(!:>,23) 
~EA!)(:,ti2) 
He.Al) (:) '::'h) 
kf::AIJ(Stc?~l 
(VALV~C<l,1,3,l~ll~), 
(VALVEC(l,1,3,lSILE>• 
(V~LVEC<l,1•3,lSILI:.)• 
CVALVEC!l,L,3,.l~ILEl, 
tVALV~C(~1!,.J,lSILt), 
(V~LV~C(~tltJ,lSll~l, 
(VALVEC(~tl•J•l~llt.>, 
(VALVEC(~tl,J,lSilt.lt 
(VALV~C<3,Lt3tlSilf.)t 
(VALVl:.C(.J,1,3,ISilf:.)t 
(VALV[C (.i• J ,.3, lSllt:.l • 
(VALll.:..C(J,1,3,16)) 
(VALVf.Ct1,c,.J,lSIL~l t 
(VALVl:.C(l,~•3•1~1Ll:.lt 
(VALVl:.C<l,~,3t!Sllt.)t 
(VALVl:.C(~t~t3t.lS!ll:.), 
(VALVtC(ct~•3t1SlLl:.lt 
(VALV~C<~•~•3•1SILl:.lt 
(VALV~C(3,ct3tiSlLl:.)t 
(~ALVEC(J,c,.J,lSill:.l, 
(VALVt.C(J1~1J,.lll) 
(VALVEC(l,3,JtlSlll:.lt 
(VALVl:.C(l,J,Jtl~ILtlt 
(VALV~C(l,J,J,1Sl/.tlt 
~VALVl:.C(~,3,Jtl~lLtl, 
(VALVLCl2,~,J,lSILt)• 
(VALVLCC~t3,3,1S!Ll:.l, 
(VALV[C(J,J,3,lSilt.>, 
(VALV(C(3,~,J~i~tLl:.lt 
(VALV~C<.J,J,J,lSlll:.)1 
( VA I. VE. C < l , 1 , '• , 1 '::> I Lt. ) t 
(VALVl:.CCl,1,4tlSILt.l, 
(VALVl:.C(l,l,4,1'::>lL~)t 
( V ~ L Ii t· L { <:: • .l t :, , 1 S l L t. l • 
(VALVl:.L(~tlt~tlSlLt.), 
(VALVf:.C(~tlt~t.lSllt.lt 
(VALVEC<3,lt4t1Slll:.lt 
(VALV~C!3tlt4tlSlll:.lt 
CVALV£C(3,l•~tln)l 
<VALVECll,~,4,lSllt.l, 
(VALV~C(l,~t4t.lSilt.l, 
CVALVt.C(i,c,4,l~lL~>, 
I SILE= lt !:>) 
ISI/.t:=btlOJ 
ISilE=-lltl~> 
l!:>lLE=lb,191 
ISlll:::=l •:.) 
I!:>IlE;;o,lO> 
1::;1lE=lltl:>) 
I!:>IlE=lf>,19> 
I!:>IZE=l,::,) 
lSilE=~•lO) 
IS!Lt=llol::i> 
lSlLE=lt:>) 
l!:>ILE=btlO) 
IS!Lt.=l le li.) 
ISILE=l,!:>) 
.LSlLt.=btlO) 
1::;Ilf.=ll•l.:U 
l!:>ILE:1,!:>l 
I!:>IlE.=b,.10) 
l!:>ILE=l•:>l 
I!:>lLl:.=btlO) 
1!:>ILE=ll,l:,) 
l~Ilt.=l t:>) 
lSILE=b•lO) 
l!:>ILE=lltl5) 
1SIZE=l,5l 
l!:>ILE=b•lO> 
lSILE=lltli.) 
I!:>ILE=b,101 
ISILC:=l l • l:>l 
lSI/.E.=lbt l':il 
lSilt:.:.::.,, 10) 
lSILE.a:l l t }::,) 
lSllE=lbol°'l 
lSILt::=o,lOl 
ISILE=lltl!>) 
ISIZE=b,10) 
ISILE:.=ll,14) 
l!:>ILE:.=btlOI 
• 
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OOILJO kE.,o<5,2~> (VALVt.Clc,c•4,l~Ilt::>, 1::;JLt.;:l l tlJ) 
0091 RE I\ D ( :> , 2,, > (V~LV~~(J,c•••lSIL~)• l!,lLE.=6•10) 
·00·97- f<EAll(5,2?) CVALV~C<J,~,4,J~IL~>, lS.LZi::=ll • 1::») 
0093 Rf:.AO(:,.;:J) (VALVE~(3•c,4,lb)) 
009 .. kl:.AO(S•~V (V~LV~C(l,3,~,lS[lt), ISilE.=6,J..Q) 
ooc,,s Ht::Af)l5,i::?> (VALV~C(l,3,~,lSI~tl, ISil.t.=ll tl:>) 
··bOIJ':, HE"'AO ( 5, r.?.) (1/~LVtCC~,3,~tlSllt.), ISl.ll:.=btlOI bo'rn HEAU(5•22) .(1/ALVtC<~,J,~,lSILi)t lSILE=ll,l~) 
if0'.9B HEi,OC5,2c!> ( V ,'\ L I/ E. C ( J , J , •t , l S t L.t. ) t .lSILE.=t>tlO) 
· o<o9:9 HEAOl5,,fll (VALVEC!Jt3t4,1SJLt), .lSilt::=11,14) 
: ino o. WEAt>IS,22> (VALVt~(l,1•5,l~lL~)t ISlLi:.=l,5) 
.cri.-01. HEA015t2?.) (VALVtCCl•lt~,l~IL(>, lSlLt=&,iO> 
< 01·02 HEA0(~•-!5) (1/ALVEC(!,l•~•l~!Ltl, lSilE=ll,lJ) 
0'1'()3 HEAD(S,.:2) (VALVE.CC2,l,:,,1SILt), l'.':>ILE=.t.~) 
, 0Hl1t kEAl")(!:,,c:2> (VALVt::C(c,l,~tl!:>lLt.l• l!:>lL£.:.:b,lO) 
- ·--. -· - ---
'.'·Crl~OS HEAfJ <~,.:?:,) (VALV~C(2,l•'::>t.l.Stl~>, · I!:>I,<:E::lltl.3> 
·~ .() l'06 Ht::AO<~,cc> IVALVECC.3,1,~,!SILt.l, I!>llE=lt5l 
0.1U7 .HE.Al) ( S, c'c) (VALV~C(.3,1,~,l~ILt>, lSI.li.:.=::i, I 0) 
~")t'OR Rt.AU ( :n e.,.) (VALVt.CC3,1,'::>,l!:,l~t>, I~ILt:=ll,12) 
· --·~1(19 1-<t.AO ( 5 • 22 > (Vt.LVl-"C(l,t!,:>,l::,.Ilt.), J.St£C:=!,'::>) 
~;··o't1 o Hf.AO (:,, 2?.) (VALVcCll,c,~,lSILE), ISILt::=-fHlO) 
. br11 f{EAD t S, i'S) (VALVf.C(l,c,~tl!:,lL~), l!:>ILt.=lltlJJ 
.01'12 HEA1)15•22l (V~LVc~Cc,c,'::>tl~ILt)' lSllt.=l •:>) .. ·- ··---· - ... --- ·- -
01:13 . HfAl)(!:-,?.2) ( V I, L V f. c; ( c , c , '"> , J ~ I L. c. > , lSilE=-~•lO> 
01i .. NEAIJ(5,c!:-l (VALVtC(c,c,~tlSlL.t.), IS!Lf.::11 tl3l 
on~ Hl::Al> ( 5, ii?) (VALV~C(3.~1'::>,l~ILt), lSiif:.=l ,::>) 
·o 1-1& Ht.J\0(5,??l (VALVECC3,~t'::)tlSl£~), lSI ZE=-t>• l O l 
'oll 7 HEAC>(5,~'t) (VALVfC(3t~t'::>,1Sllt.J, ISILF.=lltlc) 
one' kt::AU(::>t?c::) (YI\LVt.C 11 ti,'::>, lSJLt.l • l ~::,I L.t::= l ':, l 
·01:19 Hl:AIJ ( :>, '22) {V~l.Vt.C<l,3t!">tlSILt.), lSJLE=btlO> 
Oli!O 1-<EA0<~•\:4) (VALV~C(ltJt'::>tl~Ilt.), l '::>Ilt.=11, le> 
Cl~l HE"Ul5,22) tVALVt.Cl~t3,~,l~ILt), l~lLE=.l,:;> 
nh?2 l<t.AUl~•22) (V,.L\IEC (~,_;,•.,, lSILt.l t lSllt=b•lO) 
0123 r<l:All(5,~4) l~ALVt.CCc,J,~tlSILt.>, 1~I£t.=ll•l~> 
012~ Hf:.liJ(5•c?I (V~LV~C(J,J,~,1S(/t), 1~1/!:::-=!,!>) 
01~5 UEr,o (:,,?.;:-> (VALV~C(J,~t~,l~ILEJ, lSILE:..:b,l.i> 
Ol~b t-cE.:.oc~,.:!tt> (V~LVtC(3,~t::>•1~ILt.), IS1LE=ll•l2> 
0121 HE.A() (:, t ~~) !VALV~Cll,1t,~,l!:>Ili), I~ILE::=lc!, lt,l 
01~8 Hc.Al)(~,clt) (V~LVt.C(lt4•~tlSILt::), ISILl:=l /,UO 
01·2~ I~ E: '4 0 ( 5 t < t! ) IVALI/ECl~t41~,l~Il~l, lSilE=l~•lhl 
0130 Ht.AU(!>,t4) (Vk~V~C(~,4,~tlSll~)t lS!LE=l/,18) 
OUl tft::/.l} (:, '~~) CV~LVE~(J•~•~•lSILt), lSI Lc.=11,} .;) 
'0132 HEAU(!>,22) (V~LV~Cll,l,o,lSILt.l, lSllE=-:>0 lr;) 
0133 HEAlll::>,221 . (VALVECll•l,6,lS!Lt), JSI/.i:.=11 tl:>) 
0134 1-'E..AO(j,2b> (VALVfC(l,l,~,lSI/~)t lSILE=H,,J':I) 
0135 kEAD(!:>,22l (1/ALVEC(l,l,6,lSJLt.), IS!LE=btlfl) 
Ol3b HEAD<5•2t'l lvALl/t.C(c,l,b,lSilt), IS!LE.=lltl~) 
0137 HEAO(!:,tct:l (VALVEC<~,l,b,lSILt.), ISILE;:lb,]9) 
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013& 
0139. 
Ol<tO 
oi,.1 
01,.2 
0143 
Ollt~,-. 
01~5-, 
oii.i>-
oltt7-, 
Oi48 
01•9 
0150 
OlS-1: 
ols2· 
01!>3 
0154 
~-C4~!i.:· 
01~6. 
o:H,:r;· 
'tfi,Si:k 
ols9--
<Ubo 
oi.t>l 
Olb2 
oH»iJ· 
O.J.64 
01&5 
oi&tt 
· Olo7 
oi&S 
Oit>ll 
0170 
OlH 
0172' 
0173 
0174 
oi7S 
011t). 
0177 
0178 
0179 
oH,O 
·Oltsl 
Oi82 
C 
C 
C 
22 
~3 
24 
2::> 
26 
82 
81 
50 
57 
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2.l . MAIN 
HEAO(~•ce) (VALVEC(~,l,b,l~ILI:.), 
H~AU(S,22) (VALVEC(3,l,6,l:::,!Ll:.)t 
RtAO(S,~J) (VALVEC<3,&t6,lb}) 
HEAD ( !n c?) (II» L Vt:. C ( 4, 1 , b • 1:::, 1 LI:.) • 
Ht.l\f>(5,2e) (V:.LVl:.C(l,~10,l:::,JLt;.), 
ttEAD(S•~b) (1/~LVEC(l,~,b•l:::,JLt;.)t 
HE4D(5,ec) (VALVlC.:(~.~.~.1:::,rL~), 
kE..-u(S,~!J) (VALVfC.:(C:,~tbtl:::,lLt::.), 
HE~O(~t??> (VALVEC(3,~tbt1SIL~>, 
HEAO(~t~i) (VALVEC(3,~t6tl:::,JLt.l, 
NfAO(~•c3l (VALV[C(3t~tbt1b)l 
kE~Dl~t~t> (VALVECC4,~th,1:::,l£1:.lt 
HEAD(~rc~J (V~LVEC<l,3,~,l~ILL),. 
kEAOC~t~?) (V~LVl:.C(l,3,~tl:::,!£~), 
HfADC~t2?) (V~LVEC(~•3,6tl:::,ll1:.1• 
HEA0(5•~?) (VALVECl~,~t~•iS!Lt)~ 
~tAOl~,2?1 (VALVFC(J,~tn,l:::,llE.)t 
kE:Anc~.~h) (VALVl:.Cl3,J,6,l~[Lt.), 
HEAfl(:,oi:'r:l (\'AL'vr_C.:(4.~,u,1::.!Lt.) • 
HEA0(~,2~) (VALVt.C(l,l,l,1:::,I£t.), 
NEAD15t2~J (VALVtC(~tl,/,1:::,ILt), 
NfAO<::,,~?) (~ALVE~(3tl•7t1Si£t), 
HEAD<~•2~> lVALVEC(l,~tltlSILt.), 
HEA0(5,~~) (VALV~Cl~1~17,LSILI:.), 
kt.f,[) (S•£!r.) (V,'.LVEC (31~• t. l::.ILt.J, 
H~AOl~t~ll (VAL~E:.CC1,3t/tlSIL~li 
h E. AO ( S , 2 i ~ ( VAL v E: C ( c, ~ t / t l:, I-Lt.) t 
HEAU(S,~ll (VALV~C(3tJtltlSILt.), 
t-·o ...... ,~I l';.f-10.0l 
t Ur< "1,\ J ( l r l O • 0 l 
r' o t< ~, 11 r , 2 ii 1 o • l' , 
r'U~MI\ T c;rl] 0 • 0 J 
FQl(MAT (41-10.Cl 
• 
UAIE c 14337 
1SI£E:.;:.f>tl0l 
lSILE=ll,l:,i 
IS!ZE=l ,::,) 
lSlLE=b,lOl 
lSILc..=ll•l4J 
i'SI£1:=t>t 1-0 J 
1 :; i l I:.·= l 1 , 1 3 ) 
1:::,1Lt::=b1lC) 
l~lLE.=ll,IS) 
I~I£c.=1,~>' 
1:::,1/t:=b,lOl 
JSl{(:.11,1:,) 
lSilE:.:.otlO) 
lSlZE:.=11,1::>> 
1:::,ILE=t>slt>> 
lS!l~=-ll,141 
l':>ll.l=l ,:,J 
lSlLt>=l t::t) 
l:::, I.LE.= 1 • => > 
ISI£1:.=l •~l 
lS!LC:=l•~> 
lSlLt.=lt~) 
1s1,~=1,::,1 
1:::,..CLl:.=l,:,) 
1:::,ILi::=l,SJ 
JSILE::a:l ,:,) 
IN:::,lALLArIUN cosrs FOH VALVt.S READ IN FHUM DATA 
i.>Ci til !Pt-'P=l•'°? 
UO ~2 1~1£E.=l,~0 
l~::.TV(l~llE,11-'PP)=o.o 
C0/\4 r !~!UL 
1)0 :,ti li-l-'µ=l, _i 
nE.-'015,57> (JN!::,IV(l!::,1£1:..,11-'PP), l!::,ILE=l,71 
HEA0(5t~7l (lNSTVCl:::,lL~,Il-'PPi, lSllE.=tt,14) 
HlAU(~r:>tl (J~:::,T~(l:::,IL~,-l~PP), ISllE=l:,,20) 
H~A0(5,~S) (lNSlV(!SlL~t4lt l!::,ILE;l•5> -
f- l)~"1A l ( ff l O • U) 
t-UH"IAT (6FIU.IJ) 
1-'Ur<MA T (:,fl O • 0} 
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0183 
tni,1e-
0·1es 
Ol8b 
0187 
-:o"laa 
· b'i89 
,_ ·01~0 
• • • 
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MAIN 
kEAOCb,PlPE,~NO=lOOO) • 
~HlTE(b,i48J. -
FQ~~Al(//~OA,' LINE SlLIN~ PHOGHAM~) 
wrtUTECb,..?'+9> 
• • 
• • 
181'5~0 DATE = (4337 
2't9 FO~MAT(//lO~•'PRICE~ UA~EO ON 1NFUHMAT10N OU!AINED IN AUGUST,1974 
1 • > 
C 
wtllTE<b,ZSO> 
F~~MA1(//10~, 1 PH1CES ~PDA!ED ~y E~GlNEEMlNG lNOEX FACTQR OF 
ll.003791) 
KASORT=O 
C ~AKE I~lJIAL £ST1MAIE Of OIAM HY UPTI~UM VELOCI!Y M~THOD 
C 
. 287 CALL JllllJAL 
C 
C O~TER~lNATION UF ECONUMIC OIA~ETER 
C 
CALL OPlu 
60 10 300 
lU(!O CALL E"-IT 
ENO 
, •• , ... • •• ···"fl • 
• 0 
• 
-PAGE 
•• .•. 
0009·--· ,_ ___ -- · ..... 
. r-l 
0 
0 
·-.J.' ,_ 
• • 
FOR 1 RAN IV .. G LEVEL 
.. 0001 
0002 
000.3 
ooo~ 
0005 
000& 
0007 
oooa 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
~18 
o·of9 0:020 
0021 
0022 
0023 
0021t 
0025 
002& 
0027 
0028 
0029 
0030 
0031 
00~2 
0033 
0031t 
0035 
0036 
0037 
0038 
• • 
... 
• • • • •• 
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ULUCK [lAI&\ 
cu~~ON/~~[Al/Ul~T.~UD~l.MUl)~~.utAM•HHOL,HHOG•AMUL,WG,~L,GL 
co~~ON/iHEA~/hMUG•Lt.NtiTH,~K(JOO),lND~X 
CUM~ON/~HEA~/NFITS,NVALVEtHHO•W•AMY 
18.157/20 
curu-,o~, "''E A4/C?, CV, L,i)P t 110N I th u:POP, HOut. 3 
.COr~!l40"J/.6t'F.:i.!:>/M:;[>c.4tl-'Wl-<HAI t l~UCI tEl-'Ht.5S 
CUM~0!\1/ J' t- E At,/ C~ i I t<N, UHl~Lt., C!:> I!:, l L, ~IN~ TL• CPT Hi::' 0 • WHTl-i f E 
COM'"40t,./~;.t:A//l::::.TLYC•?-~Ul'-.l::.LtNiCKt:.LT I l TN,.:I 
COM~O~/AhEAH/1-'WHtTOTCtPUM~C,lflTC,PlPC,FN~C 
COM~ON/Aht.A~/COMPC,i~tPHPtlSTCMP,51-'RtS5,Dl-'TlME 
COHMO~/~k~~lU/LAUHAl,I~~,v,~o,4),VALV~~(4t4,f,20),VALVIN,VALVC 
COH~U~/Ak~~ll/lPHlS~llO>,lVA(VE(lU>,I~~IL(lO>,tSlZf•l~S 
COMMU~~AkfAlc/~l~~Al,ALAlnT,14XH1,lN~ki•GAOriHT 
COMMU~/AHEAJ3/!Nl~T•HUlHl•1NIAHl,Nt.LL~•~lt~~,I-IIIN,PlPIN 
COMMUN/A~FAl4/iG,AHVS,MftTLFL;M~TLFT,MA1LPP,~FLGS,ISCHDF,ISCHOE 
Cllfl"10"U II~ EA l ~ / I ~CHIH-', JI- l TY I-' ( l O) ; HI\ TL l, l f ti l CI(• Al NSCS . 
CU~MO~/AHEAlh/EFFCYl,t.fFC~~,t~FCY3,EFFCY4tMUUE5 
C0"1,..0~/A.l<tAl 7 /;.>CrlANi.,, Ut.l.C~ I, Ht.F nl-', MUutb ,:JtLHP 
kEAL I~SIV•LAe~A~tlNSHftlNIHltlNfXHf 
HtAL l~bUR,IN1~T,lNCTAC,l!:,ILMPtl~ll-'MP,~~•LENGTH,LVF,M,MO~EL•NICKEL 
UAlA CP,cV,U0\.-',•1ut~rt1,t1H'lJt"/'C.~•0.3:,7,0.0tt!<J,.,O.O/ 
DAIA ~OU~3,M0J~•tHHOLtHH~b,PW~MAf/~,l•h2,~,0.48~,0.028/ 
lJAlA T5L'CI •t.>-"r.!:.~::.,c::.T lt<;J,:..1,:Jlt,C.Sl~IL/-~ll,,b1'1J •• ,O.,O.,O,/ 
OATA Sl~~TL,CPIH~U,dMIHTEtM~ILYCtMliNfL,tilC~EL;TlTNM/7~0.0/ 
LJAIA PLl<k.TlllC,PlPC, i~ I1C,P•Jr-tl'C/:, 0 U.I)/ 
OAIA COt-11•<;, l!:,ll-'Mr', l~TCMl'/.:l*O,/ 
L)ATA NF 11S,N\rALVt.,l'\Ktl•t:.LL::.,NIE~~.fl l IN,Pii->1:11/·o,o,10000.,200.200 • .1 
U~IA ~on~,.~~0l~tUlAM,krlUL,MhUG/O,l,3.,o2.4,l.~2/ 
0 A C A ,:. lo\ U l • t.: 'I : v • 1·1 G , ..; L , ,, L / v • 2 '< ~ • CJ • \) b '> , 2 l ~ 0 0 • • b i :> 0 , t O • 0 0 0 4 2 8 3 / 
f l. I 1, L f. ;, u l r1 , ,.. : •, 1 • "' • f, M tJ / .:l U • , u c! .... • (, l ', 0 • , I.I • e~ '' c / 
()II.TA ~f-hl:\5S,'.;:;•1{Ai ,ALl\ittl, f,,>..t<l/U.U,0,l':JU(!,o~:..il,,0.02/ 
OAIA LAt~Al,1,,~rV,VALV~C,~~LV1N,VAL~C/0,t~0°U.,~?40o0,,0,,0,/ 
U~lA l~MtSS,IVA~Vf,lMATL,l~lLL,IOIC/lU 0 l•l0°1,lO•l,l,O./ 
UAIA l~~HTtGAU1MT,IN1Hl,HUlR1/0;oo~,o.011,o.0~4,o.10~, 
OAIA I~lX~l,~Ai~rL,M~ILtl,~AILP~,MATLI,llHICK/.004b7,30l,3,l/ 
OAIA lSCHnE,I~C~~P.1~~HOr,NFL~S.IN!:,,Q~flME/~~1,2°0,1s.o, 
lJAIA EFFGY1,EFFCYZ,~FFCY3•EFFCY4,MODE~/O,b7~5,0.7~,0.772,0.70,l/ 
ENU 
e e 
---~-· . .a;:~;~., ___ - :.. :,~· ::~--:~ _,,_ 
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fOIHRAN IV G LEVE:.L 
0001 
0002 
Oi>03 
OOOct 
011'):> 
cuuo 
Oi>07 
oo·os 
0009 
0010 
0011 
0012 
001::l 
001.,. 
001!> 
001& 
oo 17 
00·1!H..-
00.,l;l;t 
oo~u 
00~1 
0022 · 
OOc3 
002t. 
ou~s· 
0026 
C 
C 
C 
0027 
OOi:!8 1 
00~~--
0030 2t;7 
0031 
C 
C 
C 
• 0032 -~ 
0033 
OUJ't 
·QO)!> 
003& 
0031 
0038 
Ob.:s9 
Q()te,0 
0041 ·4 
0 0 r.2 
• 
,. ,.. e e 
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• 
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SUuROLJllNE OELl-l 
UIMENSION B(~lel,Cl~l~>,El72l,A(l~,3,l4) 
COMMON,AHFA1,UISl•MOOt.l,MUUt.2•UlA~,HHOL,RHOG1A~ULtWG,~L,GL 
COM~O~,~~EA~/AM~G,Lt.NGIH,KK(lOO)•tNDEX 
Cv, .. ""U'II/ ~nt. AJ/ =~:: l i:,. r:v AL Vt., .... ~tu. w. A!'IU 
to4~U'll/~~EA4/CP,c~.o~~.~0Nlrltt.~P0~•M0Dt.3 
co,.,.,uj,',1/ .I\HEJ\::>/MOO::.: ... ~~,·~KAT. I !:>UC I • t::r>•H:.S!:> 
co~~D~/AHEA~/~STiHl~,AHNLE•tSl!:>IL,::.INSTL,CPTH~O.~RTHTE 
co"~o~,A~EAl/HSILYC,MO~£L•NLt~t.L1ltTNM 
COMMON/ Allf. A ci/1' .~ :<, i UT C, Pul'lt'C • 1 t- I TC•~ I f'C t F NGC 
CO"" "10:.J/ Ai,. t t. ',1/ t.iJ~.:-' C, 1 ~ I l't-'1' t l S 1 CMI-', ::,.p 4t. ~~, Ur> T 11-\l:. 
COMMO~/~k~AJ~/L~tl~AI ,i~!:>T~l2~•4l,VALVEC(4t4t7t20),VALVIN,VALVC 
CUM>•HJ '.;/ f.ti Et'. l l / j f 'Ki::.!.>; ( l O, , .i VAL V !:. ( 1 II) t I MA IL ( l O) t IS l Lf:, I NS . 
cor.,,MO ~~, '·" f. ,. l c /::, l MR,'\ I t A i...A 111 T , I A ll.M 1 t l NS H r t GA0·1k T 
CUMMO~U Aht.'..l ~/ INT kl t IW.1H 1 t 1 N 1 XR I, ta:.LLS, !II I EE:,, FIT lN t PIP IIII 
CO~MO~/~REAi~/VG,AMV~tMATLfL~MAILt-f,~AILPP,NFLGS1lSCHOf1ISCHOE 
co~~U~'A"fAl~/I~trll)P,JtliYP(lUltMAILltllHICr<tAINSCS 
Cl)N._.U 'II/ A•• l Alo /f· ff CY l t t'. f t- C Yi~, t.!- F CY ::S • E FF CY" t M:>UE:, 
co:-,~o-.., AhE ~ l / / PC:r-'.:. t,:~;, Ut.LC::. I , Mt.r HP, l".(J0£b, DELHI> 
KE~L INSJV,LAtik~r,INSHl,11~1~1,lNTXMT 
kl:.: AL I t,,i S wh 1 '" I ~ T , I I'! C T .II. C , 1 ::, i CM t' • I S TI' MP , K I( , L f::: Ill G T H • L \IF t M , M 0111 EL , Ill I CKE L 
GC=32.l4 -
:,lJMK=O• 
Nt- 'l:"li" l T S+NVALVf'. 
IFlNFV.t.Y,Ol ~l~l=LtNGTH 
lF(~F~.t~.o~ 60 TO c8f 
CALCULATIO~ uF EUUlVlLENI 
00 l . J = l t Nf V 
LENGl H OF LINE 
SUMr<=$1.Jlo'.,<•KI\ ( l l 
~l:,T=~t~GT~+~UM~~(UlAM/12•> 
lF(~UOcl.EO.O.OM.~UUE:.l.EQ.l) uO TO 2 
C;,O TO 3 
CALCULA[!ONS t-OK ~lN~LE PHASE·FLO~ 
v=.,,, < 19. o3't'i!>"ifH0" < o tAMoo~ > > 
lF(~,UlJll.l:.Uell VG=V 
IFP•luOE.l.EC'.1.o) vu=O.O 
AkvS=fJ. 
~~=(JOO.~O!AMuvu~nO)/AMU 
HV::.:H.·iC;" (V"<>c) 
lF<~OJLl.E~.O) ~MVS=kV!:> 
IFlME.G£.2lOO) (,IJ lU t. 
GU TO!, 
I- :U • 0 0 l t b + 0 • 0~ 0 2" (kl:. ti O ( -0 • 2 71.j) ). 
bO 10 b . 
.,· 
e 
-
-- - -
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• ·.:···· • • • • • • FORTRAN IV G-"1.:EVEL:-
• - ', --1. '':-:- ~, .:. l ·-, :-.; . 21 Dt::LP l)ATE : 14337 lB/57/20 
01H3 5 
004t4 6 
0045 
0046 
0047 
·0048 
00·49 
. 0.0~0 
00!>1 
005~-
00~J 
oos~ 
00~5 
()()°~6 
00'57 
0059 
00,!:,9 
-01ft»O· 
.. ~ .. ,_ 
o:f~l 
00.62 
0063 
. o·oe,,. 
0_065 
O(fb& 
00b7 
OObB 
OOt.9 
oti·10 
00"/l 
0.012 
00.73 
0074 
oors 
OOH, 
0017 
001a 
0079 
0080 
OOtH 
ooa2 
7 
8 
C 
C 
C 
10 
9 
11 
12 
13 
26 
51 
53 
55 
3 
27 
28 
l t, 
1::, 
(; 
F=lbeO/l<E. 
DPOL=t<1~.G 0 S>Gr 0 <w~•~> 0 <~2.>>/Cco1AM*o!:,) 0 RHOoc3.14002,0Gco144. 
1~(~600.•v2J) · · - · 
JF(DPOL.bT.o.04) WHITt(6,~J) 
UUt'=UPDL•Dl!>f 
IF<M0DE1.EY.O) GO TO I 
IF(,t.,!OiJt.J.EQ.l) GU TO. ti 
W1HTEl6,9> . 
GO TO 10 
WH l Tt:: ( (:, 11) 
lF(VG.Gf.400) WRITt::C6t~lt 
WIHTE(6,o;5) HVS 
wa!TEC~,12) 01St,v 
WtHTt:.(6,13) Rt.,F 
~HITE(6,Z6) DPDL,DD~ 
:GU TU lit 
~UHMAT(,/9X,:~R~SSU~~.DROt' CALCULATIONS FOR Sl~GLE LIQUID PHASE•) 
F0k~AT(/,9X,•PHFS~UHE l)HOP CALC0LA1IONS FOR SINGLE VAPO~ PHAS~•> 
F 01-< '-'AT < , / / l X 1 • c:. FF L ENlH11= ' • E lJ • b, ~ X, ' FT • , ti X , 1 V EL oc I f Y = t , E 13 • 6, 2 X, 
l•Fl/SE.C'> . -
FOHMATC//2X,•kiYNOLOS N0= 1 ,El~.b,tlXt•FANNlN6 FRICT. FACTOR=•~ 1El3.6) . - . . . . 
io~~Af(//2X,•UPDL=•,EiJ.6,~A,•PSI/FTt,8X,•P~ESS OROPs•,El3.6,lX 
lt•~SI 1 > . . . 
FOriMAT(////~X,tVA~OH VELO~lTY c:.XCEEUS 400 F!ISEC•> 
FOHMAT(////~x.•UPDL EXCtEu~· o.04 P~I/Fi•> 
FOri~ATc,,t,~x,•HHO<>tvoo~J=i,~x~El3.6) · 
C~LCULf, f IONS· FUl-f 1 WU Pt1ASE F LOiii 
VL=W:L•/ ( l'i,1.5J't J':,<>RrtQLU(l'\IAMOO~)) 
VG=wu/ ( l~.6.:14'J:,<>•H10bi< (0IAM0<1~).) 
kV::.=k110LO (\/LO",!) 
AHIIS=~V5 
HtL=((0!hM/l~.)~(wG•wL))/IAMUL0(22./7.)0((0lAM/c4•>•o2)) 
HE(,: ( ( 0 l ,, M / ! ~ . ) " ( we,• 'l'i L ) . l / ( AMU u<> ( c ~ • / 7 • l o ( ( 0 I AM/ Z 4 • ) o o 2).) 
~HlT~(6•i7l . 
fUH~~T(///9A,•IWO PHA~E PH~5SUHE OHOP CALCULAtIONS•J 
WH!Tf(bt~R) ~L,VG -
fUk~AT(///2~.·~L='•El~.6.~X, 1 fl/SEC•,BX,•VG~'•ElJ.6,2X,•FT/SEC•> 
~HlTl(6,~9) H~L,M~G 
FU"MATl//lX,•HEL~',[lJ~6,t1X,tHc:.G=•,El3a&> 
IF(Rt::L.Gl.lUUU.) bO tu l~ 
WHl ft:: (6 t lb) Kf.L 
GO TO 14 
FOr<MAT(2X, 1 1·H·_L=·'•El:J •. o,~x,•cA:,jNOT us_e: CtiE.NOW!:.TH MARTIN•) 
1F(~ODE2.EO.O> UO T~ !9 . . 
) 
• -
-· 
•·"-
. 
-
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• • 
~-.,.-· 
-FoRTRAM·.IV :.G L-E-Vi:;L 
~ :-~ -· .--r~ ~. ::·· . 
0083 
0084 
OOd5·· 
0086 
0087 
008d · 
0089 
0090 
·001;,i 
00'.i2 
ot>:9~· 
n0-'*4. 
00~:J. 
OO'i& 
O•J'i7 
00':.18 
0 \)'l9 
O!OO 
0101 
0102 
.J,l<i3 
0104 
0105 
010& 
0107 
OlOts 
0109 
0110 
0111 
0112 
0113 
0114. 
0115 
0116 
~-! • . / ... 
C 
C 
20 
C 
C 
C 
C 
30 
37 
Jl. 
C 
C 
C 
C 
C 
C 
17 
19 
44 
22 
.. 2 
• • • • ----· ·--
-, 
• 
- - - -i?l 01;:.L~ DA rt::: = ~4-331 18.157.120' 
C~LCULA~~ UAK~R ~AHAHi!t.~S FOH ~O~ll ~LOW 
dY=2.16ttwG/ < < 2°2. / f. > o < ( D lAM/24. > oct~ > ~ ( ( HHOL 0 RH-'.)G > ooo. SU 
SX=(531;1(t.34~l4~9~.))0(WL.IWG)*(((RHOL«>HriO~)ttoO.S).l(HHOL**(2. 
l.13.)))*((~MUL•o{l./~.J)/GLJ . . 
~HlTE(b•201 HY•d~ 
FOHMA-f(l/ .. :?x,·~~"::H t-'AHAME.IER!:> fOH HORl.l FL0111•,~x.•-BY=•,E13.6t4.Xt 
l 1 B,_=--•,El3.bJ -
1FCMOOE2.E~.l) GO Tti ~l 
PAHAME1EHS FO~ VEHI FLOW 
CAL<:tl!..A TE ..IL ANU Ju. t>AHAMt. rEHS 
VVdAH=~G.l(JbOO.*R~OG) 
A~=c22.17.)o(UIAM~*~)/(4. 9 l44.) 
VV=VV~A"IAF -
l\~\'=VV«I ( ( IHll)(.;/ ( Ht~UL-HttUG) J .... u .!:>) 
A,Jl:o=A~II/ ( ()c!.~<l{t)!J>.1'1/12.) )vu().!:,) 
AJL=AJGk(HL/Wb)<l((HHO~/HH0L1°~o.~J 
TE~T=U.4•0.b04JL . 
loiH.lTI:: Cbe~{l) IIVi.lAHtAf.,\IV 
fO~~AT(//~X,•IIV~AH=',El~.bt2X,•AF=•eElJ.6,2Xt•VV=••El3•6) 
i,,1Hft<t-,J7J . -
fOH~AT(//~A,•.JL ANU JG PAHAM~Tt:HS FOH VE~T FLUWI) 
., H l T f < 6 • -i l J A><;,, , f ES r· . . . 
i,:ONMAT(//~X~•AUV=•,El~.6,•t~St=••El3.6) 
lF(AJS.Ll:.Tt.SI) wHllECn,li> 
~OHMAT(~X•'lN-~LUG ~LUW H~Gl~~t) 
wHlT~(6tlU) AJLtAJu 
~On~AT(2X•:A.JL:•,El~.b•~~,•AJG=•,tl~.6~ 
CALC0LA1~ GUVIEH HAU~UHU .ANO DUNN PARAMt:TERS 
0L=~Ll(HHUL03bOU.) 
Ub=wti/l~HOGvJbOO.) 
HV:Gi<.,/UL 
AVL=UL/IU.~~012~./7~)0((UlA~/i~.)002)) 
rHU TE. (b,,.4) 
·f0HMAll///9A,•V~RTlCAL PAHAMEIEHS•) 
wHlTElv,2~) 
FUHMATl//llA,•bUVl~H HAUfUHO ANU DUNN ~AHAME]ERSt) 
wH!TE(b,42) Hll,AVL 
f0HMAl(//2A,•HV=•tEl3.6,8At•AVL=••tl3.6J 
ti~lFFITH ANU WALLIS ~AHAM~lEHS 
VVl"=VG/ ( Vl.;+VL) 
~HM:((VG+VLJoP~)/((0IAM/l~.J~GCJ 
• ~ •• 
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FORTRAN IY G LEV~L 21 Ot:LP OAlE = 74337 
• 
181'571'20 
0117 
0118 
0119 39 
0120 40 
C 
C 
C 
0121 
0122 
0123 
01~4 
Oli:5 
0126 
0127 
OlcB 23 
0129 
0130 43 
C 
C 
C 
0131 21 
0132 
Ol.s3 .,. ., 
013t. 
01.15 
0·1 .36 
01..H 33 
0138 
Ol.J9 
0140 
0141 49 
0142 
0143 
o.144 
wHITE<tn.39> 
"HJTEC~t40l VVFtF~M 
fOHMAT(/'//BX,•GHI~FlTH ANU hALLIS PARAMEfER~•J 
FOHMAT(//2AttVVf='•fl~~6,bX,•~HM='•El3.bi 
C~LCULATE 60VIEH AND A£1l PAHAMETEHS 
"YY=((RHUL~7~d)/'(62e3*14~9~. 0 6L>>**0.25 
AA=1(R~06/U.Of~)OO(l.1'3eJ>•YY 
BVG=~G/'(J~OO•*HHOG*l2~.1'7.>*(CUIAMl'24.>**2t> 
~VL=WLl'(J60u.•~HOL*(Z~.,,.,.,.,olAMl'24.r••~>> 
PAt{!lMl=J..11. 4 BVb 
PA'<AMi!=YY;t8VL 
WHl Tt. (IJ,i'3l 
FOHMAT(l'//7~,'GUVIf~ ANU ALfL PAHAMETEH~ FOH VEHT FLOW•) 
WR1TE(6,43) PARA~l,Y~HAM2 
FOH,..Al (//?.lilt tAVu=' ,El.ie6ttHt, ''.\'VL=' tElJ.6) 
C~lNO~ETH MAHTIN PH~SSUHE UMOP ~ST~ 
. . 
LVF:(WL/F~OL)/((WLl'~HULJ•<wa,~HOG)f 
wHJ.TLC6,47l 
f Ot-<MAT C ////IX,• CtiE.0NOWt. TH MAHl lN ... HE:.SSUHf: DROP EST•') 
FV=0.00Jl~•~.UQU~ 0 (HE6°oc-u.~IYJ) 
tL=u.001r~•O.OQ02°CHE:.L~oc-0.2f9)l 
IIIIH1TEC6, .. H> FV,FL 
FO~MAT<~~,,~V=•,El3.6t8~t'FL= 1 ,~l3.6) 
o..,voPL=- c F v 1>~~1ut., / c ~ L 0H1tou r 
It COPVOPL.LI.O.O.Uk.OPVOPL.Gl.1000.) ~AijO~T=l 
IF<ol'V[;PL.Li .o.o.oH.Dt''IOPL.61.100\).) WHilt:(b,49) OPVDPL 
F0~"4AT (//./i::.;r.., 'lll-'VOPL=' ,F.l.J.b;8X, •CANNOT U!:JE lNTEHPOLAT ION') 
~G=wli / ( C ~ i? • / r • ) <>( ( U l AM/ c 4; l o O ~ l l 
GL=~L/((~2./7.l 0 (CD!AM/24.>*o~l) 
DATA a11.o,2.Y,4.2,~.1,~.1,1~.,2s.,~o.,1uo •. ,2uo.,soo., 
11000.,1~0.00001,1.,~.~~.~.2,6.,7.8,15.9,i~.~.~6.0,lli •• 224., 
1~00.,1110., · 
11.o,2.q,4.2,~.1,s.1,1~ •• 2~ •• ~u.,100,,~uu.,sou.,1000., 
11.u,.03,.02,.v~b,.01a,.001~,.001,.uoo1,.dOOl,.00004,.00004,,00003, 
11.o,4.~,j.~,~;2,2~.~.~9.bt42.U,b4.011~9.0,24b.0,620.0,l~OS.O, .. 
11.o,z.~,~.2,~.r,w.1,1~.,2~ •• ~u •• 100.,2uu.,500.,1000., 
11.u,.u4,.01~,.01s,.02,.uo~~.002,.0001,.0003s,.0001,.0001, 
1.00009, 
11~~,4.6,1.r,1~.o,2~.1,~o.4,40.3,67.Y•l~c.u.~~r.u,&4o.o,11ao.o, 
11.o,2.9,4.i,~.1,a.1,1~.,2~ •• ~u.,100 •• ~00.,500.,1000., 
11.o,.ob,.03~,.02,.o~s,.oo.J,.oti.J,.ooob,.coo6,,0002,.0001s,.0001, 
11.u,4.4,/~4~1,.0,23.6,31.U,3~ •• ,6h.B,123.0,25~.u,61S.,ll40.0, 
ll~0.~.9,4.21~.1,B.ltl~.,~S.,~0.,100.,200.,~oo.,1000., 
11.u,.~9,.os~.~3 •• 04,.~12,,oo~,.001,.0~1;.oooJ,.0002,.0001s, 
• • 
PAGE 0004 
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FOHTRAN lY G LEV~L 21 D~ I e: : '4337 18/57/20 
Ol4'S'~-
.~~ ::.._ :,~?JJ 
·...:_~,·/~-~ 
.J..:(t.!~·-
,.,c-.~..:., 
;_;~;;_:,'.,,:· 
, -. 'i' " 
-.. 
:-t. }-:: ,:; J 
't·~~i-·~ ~- ·: 
-+ _j_ ;;, ~-, 
. ~i:~ ~ ~ 
oittr, 
•L'_.'::"•' 
0147' 
014-!:I · 
0149 · 
OlSO-
ulSi 
0152 
01'>3 
Ol!:J4 
0155 
0156 
01!:>-7 
01!:)8 · 
0159 
Ol"uO 
0161:' 
0162 
Olb3 
01&4 
501 
~o~ 
sc,.::s 
11.u~4.1,o.s,10 • .,.,17.9,31.~.34.9,64.o,114.o,cs~.o,~so.o,10so.o, 
11.o,2.9,~.2,~.1,8.1,1~ •• 2~.,~o.,100.,200.,soo •• 1000., 
.11.u,.1s,.oe,.v4,.07,.u1s,.01,.002,.oo~ •• ouo4, .. ooob,.0002, 
11.o,~.6,s.s,10.c,i~.2;~0.~.c~.~;~s.o,~9.o.2~&~0,410.o,9so.ol' 
OAIA Cl'I.Ot 
12.~,4.~,~.1,~.1,1~.,2~.o.~u.o,100.u,200.u,500 .. 0,1000.0, 
11.0~2s •• 1~,.vb,.1,.o~,.o~;.003,.003,.ooo&,.ou1,.0004, 
11 • u ·; c • 9 b t -+ • ~ n ; R • 9 , ':,I • 3 t c 9 • U t l M • ~ • 5 3 • CJ t 8 9·, 0 , 2 2 8 , 0 , 3 5 0 • t 6 8 0 • , 
-~1·.o,~.~,~.2.~.1,tt.1,1~.,2s.,~u.,100.,coo.,500.,1000., 
11~0,.35,.3,.1,.16,.02~,.o~,.004,.ous,.oti1,.ool5,.oo1, 
11.u,~.4~.3.~5,b.~4•b.l,~~.3,l3,7,~o.o,13.o,1~~.o.lb0,0,368.o~ 
11.u.~.Y,•·~·~-1,d.1,1~ •• ~~ •• ~o.,100~,200.,soo.,1000., 
11.o,1.u1.~,.1s,1.o,.o~,t.u,.ou1,.01,.ool,.0~2 •• 002, 
11.u,1.o,2.o~.~.~.1.o,1b.H;l.0~~1.u,4e:o,1~4;0,21s.o,21s.o, 
11.u,2.s,4.?,~.1,b.1,1~.,2~.,~u.,100.,coo.,~00.,1000., 
,11~u,1.o,.1,.~s,o.o,.or,J.u,.01,.o~,.ou3,1.o,1.o, 
11.0,0.o,1.tu,3.1,u.o,1~.9.~.o,3~~0.~9~~.1~6.0,1.o,1.o, 
11.o,2.~, •• ?,~.1,8.l,1~ •• 2~ •• ~u.,10u.,~uu.,~ou •• 1000., 
11.u,o.c,.a,.3,o.o,.1,c.a,.u~,1.u,.uos,2uo.o, 
11.0,0.n,t.~,3.1~,u.G,~.b•O.o,~4~0.1.u,91.o,o.u,o.o, 
11.u.~.Q.4,c,~.1,u.1~!~.,?;.,~u.,10u.,~oo.;5ou;,1000., 
11.u,o.c.~ 0 1.o,o.o,1.o,o.o,.03S,o.o,.o1,~uo.o; -
11.u,u.o.~~1.o,o.u,1.o,o.o,1b.~•O,O,b3.1,c 0 o.u~ 
OAiA El'l.O, . - . . 
1~.~,4.2.~.1,H.1,1~.,2~.~.~u.o,100.o,200.o,500.0,1000.o, 
11.0,b<>D.o,.01,o.o,1.o,~~o.o,· · · · 
l l • 0 , o <> 0 • Ct • 9 • ~ , 0 • Ci t l • 0 ,·7" 0 • 0 , 
11.d,2.9,~.~.~.1,H.1,1~.,2~.,uo.,100.,~uu.,soo.,1000., 
11.u,000.0,1.u,~ 0 0.u, - . 
11.0,6<>0.o,1.u,400.ol' 
Il=l 
Uv S03 Ir<=l,b 
00 S02 J.J=l,3 
DO 5 U l I A= l, 12 
A(lAt!J,IKl=~~!l) 
11=-II•l 
cu,,.T J ...,ut: 
CONT l ll.lUf. 
CCNTI:-..Uc 
II=l 
L)U 50b li<=/,12 
1)0 ~O:, l.J=l,3 
UU b04 (A=l1l~ 
A(lA,IJtlK>=CCII) 
ll=iI•l 
CONT lNUf.. 
co, .. r 1 ~ut. 
CONT I 'JI.of.. 
~ r 
• • 
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FoR·T.RA.N:··,1 V.{G['s_L~,'(EL 
OH>:> 
0166 
Olb1 
0168 
0169. 
0170 
0171 
Ol7c? 
0173 
0174 
0175 
017b 
0177. 
0178 
Ol7CJ 
0180 
OUSl 
0182 
-'.6.1 i:l3 
·"Olts .. 
DUIS 
OUS6 
0167 
Olb8 
0189 
· 0190 
· ~0191 
0192 
<11 ~-3 
0194 
Ol<JS 
0.196 
0197 
0198 
·- 0199 
0200 
-02c,1 
0·202 
-0203 
0204 
0205 
'"•e• 
b07 
sue 
f,Qij 
20U 
20I 
- - •. ·- 2011! 
203 
• 201t 
2U!> 
54 
35 
52 
46 
1'4 
21 
Jl=l 
O\l 5.09 IK=Lh lit 
00 508 IJ=l,.3 
-l>O 507 lA•l,12 
A(IA,lJ,IK>=EtII> 
Il=II•l 
C01l!T lNlll':. 
COJ'JT l NUt. 
CONTINUE. 
-
•· • 
De.LP 
DO 200 J:2,16 
IF<O~VD~L.Gl.A(J,1,1)) GO 10 ~00 
GO TU 201 . 
CONTII\IU~ 
DO 202 1\:2,lb 
IF-(LVF.GI.A(Jt2,t<)). GO 10 c?Oi:! 
60 TO 203 
-DATE :i: ~4337 18/57/20 
/• 
COr,cT lNUt 
UPLLUw=~LOG<A<J,3,~l>-<<<~LOG(A(J,~,K>>~ALOGCLVF)>l'(ALOG(A(Jt2tK)) 
l-ALOG(~CJ,2,K-l))t)~(ALOG(A(J,3,K))-AL05(A(J,3~K-ll))) 
UPLLOW=tXPluPLLOW) . . 
OU 204 L=2,.lb 
IF<LVF.GI.A(J-1,2,L>l GO !0 2U4 
~O TO i:!IJI:> 
COIH llllUt 
L>Pl.1-tl ::Al.OG l A (.J-1, 3 ;L) I - l ( lAL06 (A (J-1, 2, L>) -f.LOG ILVF >) /' 
l(AL06(~(J-l•2~Lll-A~OU(A(J-l,~,L-1Jl))~(ALOli(A(J-1,i,L>>-
1ALUG(A<J-l,J,L-l)))) 
OPLH.l=E~µ(OPLHJJ 
Of,>L:AL06COPLL0~)-(((AL06(A(Jtltl))-AL06(0PVDPL))/(AL0GtA.(J1l,l))-
lALOG(A(J-ltltl))))U(ALOG(UPLLUW)-ALOG(U~LHll)l 
DPL=t.>-P lOPL > 
FO~MAtt,,,2x,•cPDL EXCE~U~ o.u4 P~l/Fl•) 
~wJTt(htJ~) LVF,UPVDPL 
fOk~AT(//~X,•LVF=•,t.1j.h,UX,•UPV/Of,>L:t,El3.b) 
wHJT~(6,4~) Of,>L -
FOM"\Al (//i'._, •llPlf,>/UPL=' ,t::1..1.b) 
i)I' l l•L:: D Pl -«1-F Li> C ( GG • <:.L) tH> t! >-, ( ( .J • E • l O) ->RHOL * ( D !'AM/' 12 •) ) 
l)l}f,>:UPT f,>l. wD l::; I 
1F(~V~.e:.1.b~40.) wHITt.(b,~~) 
lf(DPTPL.~T.0~04) ~KlJ~(b,~4) 
•HITE(b,~6> OPTPL,OOP-. 
FO~~AI l//2~,,~Hu 0 ·1voo~) I~ GHtAlEH TH~N b240') 
FU~~ATC//2X,•DPiPIL=•,~13~b~~A,•PSl/'FTt,ox,•1wo PHASE PRESSURE 
lDHUP:t,~J3.6t~X,•PSlt) . . . 
_HE I URN 
E.ND 
. ~. ~ ~- - - : .. - ·. - ~ -- .-~ . -- -
) 
.. '- ... 
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0001 
0002 
0003 
Oll04 
0005 
QOO& 
ouor 
0008 
0009 
OUlO 
0011 
0012 
0013 
0014 
0015 
·0016 
0017 
0018 
0 C,-19 
o·oao 
0021 
OOc:::2 
00~3 
002ft 
00~5 
002& 
00~7 
0028 
00.:!9 
0030 
0031 
0032 
0033 
0034 · 
0035 
0036 
0037· 
0038 
0039 
0040 
, 0041 
~U~ROUllNE MUVi.~1 
COM~0~/A"EAl/DJ~T•MOOcl,MUUL2,DIAM,RtiOL,RHOG,AMUL1WG,WL,GL 
COM~O~/~µE~~/AMUG,LEN~TH,~KClOO),I~DE~ 
CUMMO~/AHEA3/NF[IS,NVALVE,RHU,w,AMU 
-- ··-···· COM~ON/ARf:"l'\4/~P,CV,ODl-'tMONfti·,t.(,lf'l)P,MODl:.,j 
C0MHO~/A~f4~/~0Dt4,PW~HA1,ISUCT,Ef'KESS 
C 
C 
C 
C 
C 
C 
COMM{)~/ Al·H:.Ab/C$ TI 1-{l,j, fit<t~Ll:., c~ 1 ~ l L, ~IN!:> l L, CP THcO, WHlHT E 
C0 .... ~01\J/ ~ rll: ~ / /t1S l L YC • MONc.L, ~ I C"-1:.L • r If NM . 
CO,.,MU111~·t1-1EAJ:i/l-'lo\K,TUTC•PUMl"C, lf- l JC,1-'lf•C,FNGC 
COM MO~/ /I f.iEA'il/Ct)MPC, I:> I 1-'MP t I:;; f CMI', ~t'HE ,:;~, 1)1' TI ,.,.E. 
COMuUN/A~EnlU/LAHHAT,INSTV(20,4l,VALV~C(4t4tft20),VALVIN,VALVC 
COMMO~/ikE~ll/IPkfSSllOl,lVA~VtClOl,lMAILClO>•ISILE,INS 
COMMON/~HEAl~/Sl~t-lAl,ALAfhl,IAX~f•lNSRl,GAOHHI 
COMMON/tHEAl~/I~THf~HU!Hi,JNIXHf,NtLLS•NIEE~•~IrlN•PIPIN 
co~~ON/~~EA14/VG,~kVS,~ATL~L;MA(LFf,MAILPP,NfLG~tISCHOF,1SCHDE 
COHM0~/AREAl5/ISCHl)P,JfI1YP(lO)•MAILl•lTHlC,C.•A1NSCS 
COM~O~/~HEAl6/EFFCYl,lffCY~,EFfCY3,tFFCY4tMOOE5 
CO~MU~/AREA17/PCHANG,UtLCST,HEFHP,M00Ebt0EL~~ 
H~AL IN~TV•LAuP.Al,lNSKTtINiHT,lNTXHT 
HEAL lNS~~•lNIST;INCT~c.1stc~P1I~TPMP,K~,LENGlH,LVF~M,MONEL,NICKEL 
OPHEST=l~RESS+ODP+EUPl)P . - . 
OPHE5E=lPRE5~+EUPDP 
fLUwL:=.,,L. 
fLUWu=IN~ 
.-Rl Tt. <6,'I) 
9 rOHMAT(///HA,•MUVlNb CUST CALCULATIONS•) 
3 
1F<MOU~4.E~.l) lFFCY=ttFCYl . 
If(MUOE~.EQ.~l EFFCY=l:.~FCY2 
lF<MUOE4.ED.~) tFFCY=EFFCY~ 
1FIM00t4.EU.4) E~FCY=tfFCi4 
lf ,~uot3.EQ.2) GO TO~ .. 
CALCULATION~ FOH PUMP~ 
IFCSPHE~$.LT.1~u.o.oH.~PHtSS.~T.1000.o) ~HITE<6•3> SPRESS 
F0HMAT(//2X,•UUl5IO~ Ot ALLOWAULE.PHtSSUkE RANGEt,4j,,sPRESS~•,Ell 
lebl . · 
·IF<SPHE~~.Ll.l!>U.OH.St'l<f:.5S.C;l.lOOO.O) GO !0. 10 
IFOIOOEl.EO.Ol WL=w . -
lF(~UJf.J.F~.ll WL=w 
lF(~UOEl.EQ.~) ~L:~L•w& 
lFC~ODfl.EQ.O) ~rtUL=HHO 
G~M=<wL/bO.)o(f.4~0~19~/H~OL> 
CALCUL~IION OF ~HA~~ HP 
BH~PMP=(b?~ouuP)/(1713.*tFFCY) 
CHtQP=G~~ 0 (DPH£~E-~l-'H~~~,-
"'·-·~-;--;-__ . 
• • • PAGE 0001 ___ --·-··--- -
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0042 
0043 
004ft 
oo,s 
- ---~. 
0046: 
001{t 
· 004~ 
00•9 
oosi> 
0051 
0_052 
00!)3 
00~4.. 
00-5~ 
0056 
00!:>7 
00!>8 
00!:>9 
,QObO 
OObl 
00b2 
00b3 
OO'blt 
OOb; 
OCl66 
00.67. 
0068 
0009 
·, 
oo~o 
0071 
0072 
0073 
0074 
0075 
Oll76 
0077 
00 78 · 
0079 
ootso 
• 
IV G LE\lf::~ 
C 
·c 
·. C 
C 
4 
5 
6 
7 
C 
C 
C 
C 
11 
~ 
12 
13 
645 
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CHTOT=G~~·(uP~cST-SPR~SS) 
FM=1.ooocSTinN+l.c8°AKNLE•l.3~*CSTSTL•le~3oSTNSTL•2.lO•CPTR?.O 
l •2 • 44 *"H 1 ~TC:+~• t:1~ .. ,1~ TL YC +.J • c.J<>MONt.L•J • 4t14>NI CKl:.l. +8 • 98* TI TNM 
FO=l.O+((~Pw~~S-l~0.)/(1000.-1~0.J) . 
£SC=(le0~11~*~MONTH)O(lo/~.31~~~) 
~ 
c~~~UL~l(ON ·of PUMPIN~ ~UU!~MENT COST DUE TO PRESSURE· DROP IN 
LINE 
IFlMUiJ.E-..NE.1> C:.O TO 4 
PUMPCE=(~~O.+l.c 0 (CrlEUt'~~U.7>> 0 £SC*FM*f0 
~U~PCT=(45U.+l.~ 0 (CHTUfOo~.7))~~~COFM~FO 
JIUMPC=f'U!'\t'C T-t::"UMi->Cf:: . . . -
60 TO 7 
lF<MOOt.4.hE.2) GO 10 5 
~UMPCE=(620.5Q+0.90~4>(CHE~Po•o~7~6))•~&C•FM•FO 
f'UMPCT=(b~U.~9+U.YO~•<CHlOT• 0 o.786))*ESC 0 fM°F6 
~UMPC:~UMPCl-1-'UMi->C~ . 
bO TO 7 
FM=1.ooac~T1HN+l.2~*8HNLE•l.~~ocs1STL•2.l00STNSTL 
Fo=1.o+o.4~,<~PH~&s-1~0.,,c1uu~.-i~o.>> - -
IFt~UDE:.4.NE.~J 00 TU b.. . 
PUMPCE=<ll4~.~9+l.94•(CHE:.WPOOO.l97))0~Sc°FM•FO 
PUMt>Cl-:: ( l \ 4 ~. ~9. 1. 9.4 0 l CH Tu T 00 u. ·,9 7) ) ·i:.~c°FM•F 0 
f'UMPC=f-v~~Pc 1-1-'UMr'C.!:. . 
60 TO 7 
PUMPCE=llh6.63•0.6~3•lC~EYP••~.729f)oESC*~M•Ft 
PUMPLJ=(lh~.b3+0.6~~·ccHTUl•*O.f~9))0~SC 0 ~MOfC 
PUM?C:1-'U~PCl-~UNPCE . . . 
PWr<::r'lfllHl'<A l i>c:4: .. 3t,'!;».00.74t:.<>u1wl-'Mi-> 
If C MC DE:. 4 • f J • i:! ) P"' .~-= ( S I MK A i /AL A TH T ) 0 l d 11 I-' PM P / 4 • 4 8 J 4 7 E- 0 8 ) 
If {Mv0c.4.F.Q.4) PWtl=(S!MHA.!/ALA}HT)i>(BriPPMP/4•4A.347E•08) 
11\:SlALLAflUN cTC. 
• WHlTl::(l,olll 
FUH~Al(//27,•PUMPlNb co~,~·> 
~H!rE:.co,8) ~M,FO . 
f0t<"1AT (//r.~• •FM=• ,~13.t>,t:IAt •Fo:t tt:::13.6) 
W~lTE:.(htl?) ~~1-'l-'MP•l-'UMf'C . 
fU~MAl (//?~,,~RAKE HP=•,E~3.b,SXt•PUMP EYUIP cosr~ ~·.1x,E~3.6) 
WtH1E(6t!J> ~>.,1-1 
f Oret.tA 1 (/ /2 X.t • ~UMt> !Nu (l-'\'/H) COS I= ~ • t lX.t E.13.t,t ~-"••·/YR•) 
w~Ilt.<6,i•~> 1srPM~ · 
fUrCMAJ(//~Xo 1 lN~1ALLAl10N lTC. to~15= $ 9 tl~t~l3.6) 
GO TO 10 -
,•: ~ .. , -, -_, .. 
' 
• • 
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'' 0081 
,0082 ~ 
.. ooa3 
' '. ~ptSit - .· 
.,, p~as 
<0086 
. ~ .oya 1 
0088 
·; CH>s·g 
'• · .. 0090 
'. (t091 
-: :00"2 
- :_:o,993 
- ·~ .. 
, ..... 
~:)09• 
. _ _. ,~·:'"' 
· ~ ·oo9s 
.:009& 
:·/lit: 
'.:oioo 
.·.0101 
01'02 
'if10~ 
b-104 
· ohs 
010·6 
O'l (17 
01.0.8 
0109 
OiiO 
0111 
0112 
·0113 
o 114. 
C 
.. ·c· 
2 
c· 
C 
C 
C 
-c. 
C 
.70(1 
C 
C 
C 
70~ 
CALCULATIUN5 FOri COMPR~SSOHS 
IF(MOO~l.~U.O) wG=w 
IF(~OOEl.LO.l) wG=W 
If ("'IOOEl.E.C;l.l) HHU6=H1i0 
I( •.tMUOF.!.EQ.cl wG=wG+WL 
.IF-("100~4.EQ.1) fD=O.tlf 
IF(MOD.E4.F.0.2) FO=l.00 
IF(MODE.4.EU.3) FO=l.l~ 
1F(H0DE4.E~.4) FU=l.~4 
lSC=tl.003{~~ 0 MONfH)~(l./ce4~1088) 
JF(MUDC:6.FU.O) GO TO -,oo . . 
GAM=CP/CV -
ETA=(GAfwl-1.)/GAM 
LALCULA1ION UF 8hP FU" CµMPH~SSOH 
~. 
Litt...,E(JP= ( 144 • osµHES5°Mtt ( l ( 01-'RESE/Sl-'HESS > o ttt:: TA)• l.) ) / C 330 00 • ttfT A 
1°lfFCY) . 
HHl-'TOT:(144.•bl-'ri~~SOMC>(((UPH~ST/S1-'HESS)<> 0 ElA>~l.))/(3~000eoEJA 
l~L~FCY> . . 
UHPCMP:HHPTur-~HPt:.~P 
UUMlt=2.J03ot.7ffOlOALU~lO(UHl'EUP)-O.l6bB) 
UUMll=~•~Ol 0 (0.7~Ul*ALU6!01hHl'IOT>-O.lb6B) 
lF(MODt:.~.NE.O) bO f6 fO~ ·• .. 
CALCUL~flON OF COMPRE5SOH CO~T UUE TO PHESSUHE DROP lN LINE· 
UHPCMP~cntLHl-'/1-'CHAN~)OUUP 
Hlil-'EUr.,=hEFHI' . 
81-1...,TOT= HEfHP+Hlll-'CMP 
COMP<.:E= l (J 7 3. o ( fHIPl:. r~pooo • 64 J <>f OttESC 
CUMPC: J = l o7 3. 0 fl'lt1P TO ro.:.o. bi+) •FUC>t.SC 
C01tPC:C(lMl'C I -C1.1M;.,c;E 
PW"=Pw~~AT .. ~4.~~b~.~0.7•h 0 RHPCMP 
IFl~UOE4.EU.~) PWH=(SIMl!AI/ALAIHTl•(BHPCMP/4e•B347E-08) 
1F(M0DE~;EQ~4) PWH=<S!M~A!/AL~1H!f0(8Hl-'CMP/4.•8~47E~0B) 
l:.1 c. 
1S1CMP=COM .. C02.0480(LA~~AT/9e24) 
lFl~OUE~.NE.O) 60 TO jo1 . 
151CHP=l~TCMP~3. 
COMPC:3.~COMl-'C 
BHl'CH~= HHPCMP03e 
PIIO~=PwH•3.e 
• 
l \ 
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ous 
0116 
0111 
0118 
0119 
0120 
oi~1. 
oi22. 
0123 
012, 
Ol~S 
oi26 
0127 
ol~e 
_: ... 
; .... 
- ,: ~ --. ~ 
. ' 
--·-
. , 
701 
16 
17 
.14 
15 
WHlTt. (6'16) 
FOHMAT(///./4X,•COMPRESSOH COSTSt) 
WH1TEC6t!7) BHPCMP ~ 
FOHMAT(//2~,,~HAKE HO~SEPUwERs•,E13.6) 
~Hl Tl:. (6 .. 14) FU 
. FO,ot,4..T (//2X, •FU=• ,El3.b) 
•~1T£(6tl~) COMPC,PwH _ . 
~OH~AT(//2At•CUM~HESSOR EUUlP COSTa S!tElJ.6,~X••PWWER COST•.S•,E 
11' j-~ 6 I 2 Jt t I ./ \' H I ) 
.wtUTE(t,,5;.u, 1STCMP 
FO~~AT\/(/2Xt'lNSTALLAflON Ere. COS!Sz s•,lA,£13.6) 
WL=F'LOWL 
WG=FLOWG 
HE:1 U~!II 
ENO 
.', 
11 
11 
:! 
ii 
'I Ii 
II 
t 
'-
• +--. 
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.18/57/20 
0001 
001)2 
0003 
. 0004 
oous 
0006 
0007 
OUU!:t 
0009 
0010 
0011 
0012 
0013 
0014 
0.015 
0016 
·oo 11 
001.,8 
001~~ 
ocf~o 
0021· • 
0022_ 
OUc::3 
ooci. 
0025 
OOC::6 
0027 
002a · 
00~9 
ouao 
0031 
0032 
.0033, 
003t.-
·· .... 
2 
~UHROUTJhE ECOt-1 
COHMO~/AHEAl/OISTtMUO~ltMOUE~tDIAMtHHDL•H~OGtAMULtWGtWL,GL 
COM~ON/Ak~~2/AMUGtL~NbTH,~K(lO~)tlNO~X 
COM~O~,AHEA~/N~ITS,NVALV~tHHO;~,AMU 
CO~MOI\I.IAHEA•/C~•CVtUDPtMUNIH•l:.QPOP,MODEJ 
CO•IHIJ'II.IAl(l-.t,::,/MtilJE .. ,PhMHAl t J!:,Ul:1 tt:PH~SS 
CIJ,-t"l.U'II/ Ar<l::Ab.lC!:> I 1 Hl,u Hlfr•/t:. • C.> I!:> IL•!:> I NS TL, CPT~i::!O, wRTH fE 
COMMbN/AhEA(.IHSlLYCtMOKlL,NltKEL,lllN~ . . 
CO~MO~.IA~EAU.IPwH,IOICtPU~Pt,l~llC,PIPC,FN6C 
cu~~UN/AHcA~/tOMPCtlSIP~~.1sicMPt~PH~SS,OPTIME 
cu~~U~/AHtA10/LAHHAl,f~STV(2~,4lt~ALVEC(4t4t7•20)tVALYIN,YALVC 
co~~o~,A~i~ll/IPHt:.S;(!0),1VALVl(l0>,1MAIL(lUl,ISilEtlNS 
-C0k~ON/J~EAl~/51MHAl,A(A(HltlAKMltlNSHftGAOHH1 
CO~MON/AHE~l3/IhlHl;RulH1,rNi~HT;NELLS,~TEESt~ITIN,PIPIN 
~UHMU~.IAHEA14/V~,AHVStMAfLfL;MArLFl,MA1L~P,N~LGS,ISCHOFtlSCHDE 
COt·lMU~/AHl:Al~/1!:>ChllP,JF IT Yt' C 1 :J> ~M:, i Ll, I I HICK, AIIIISCS 
cu~~ON.IA~~Alb.l~ffL,1.~ffLY~tEFfCY~tEFFCY4,HU0~5 
CON~D,.IAHl:Alf/PCHANG,UE.LC~ltHl:.~HP,MOU~b,OfLHP 
kEAL I~SIVtLADHAftlNSHft!NtkT,INTAHT 
Ht:r,L IN~UI~, l NI s I. I NC T XC' l!:> j CM~, rs H-'MP• KK' LENG JH' LVF ,M,MONEL,NICKE.L 
UEPREC=lflrC+VALVC•PUMPC+~u~t'C•PlPC•FNGC•AINSCS•ISTPMP•ISTCMP• 
1VAL\1INH•ll1 JN+fl TlN 
~C=O~PHf~/~PTlMf 
IAA:IAX~r~u~P~E~ 
\iNSUH=lN~HIOU~PKEC 
~Avn=GAOhHl~Ot:.PHEC 
1NfS1=I~lHl 0 U~PHcC 
k0l=HU(hT 0 0~PH~C 
HJ~ TAC= lN r >.le fi>Ut:Yf<E.C 
CA~C=~C•l~~uH•TAX+GAOH+INISl+HOl-I~CfKC 
fUIC=-CAPC:-~?Wk . -
~H!T~(6t2l ~APC,lOTC 
FOri~AT(///3At'CAP1TAL COSIS= s•,lX,El3.6,~X~'!O!AL COST• s•,lX 
l•Ei3.!>> -
HElUH~ 
Er..u 
" 
• • -, 
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0001 
0002 
0003 
0004 
0005 
OOOb 
Oi107 
0000 
000<.I 
0010· 
0011 
0012 .·· 
0013 
0014 
.0015 
0016 
Ovl7, 
OQ._18 
003.:,, 
00~0 
oOi:l 
0022 
00.::3 
OOc4 
0025 
0026 
00~7 
·002a 
bb29 
0030 
0031 
0032 
00~3 
OOH 
0035 
003b 
0037 
003d 
0039 
·oo .. o 
00'41 
()(J42 
001t,3 
0044 
C 
C 
C 
4 
3· 
~U~ROU11N£ lNlTAL 
COMMO~/A~EAl/UI~r•MUD~l•MOUE~,OlAM,RHOL,R~OG,AMUL,WG,WL,GL 
COMMON/ANEA~/A~U~•LlN~Trl,~K(lOO),lNO~X 
co~~O~/AHEA~/NfllS,NVALVE•HHO•WtAMU 
COM~O~/A~EA .. /~p,fv.oD~•MON1H•~UPOP,M0DE3 
COM-"IU'U'At<t-.A~/MUI>('+ • t-'WKk4 I, I ~Ut: I ,~PHE.SS 
COM:.T'llN/ Jl;,iE.6b/C~ I 11,I~, 8HN.tt: • CS I~ TL• SI NS IL, CPTHcO, WrHH TE 
t:C,l'J,U~o' f t.F. A I /ti~ IL YC • MONf.L t N l t;r<..E.L, r IT N~ . . 
COHMO~/AkfAtl/PW~tTOIC•PUM~C,l~ITC,PlPC,FNGC 
COMMO"I/AkfA~/CONPC,t~IPM~•tSlCMP,bPHtSS,OPTIME 
• c.!OM~10"1/ At-l- /! 1 0 / LA~~ JI ' ' l N!:, I V l z O. '+) • VAL" EC ( 4 '1, • I. 2 0, • VAL" 1 N' VAL vc 
dOMM0~/AhlAll~lPHtSb\10>•1VA(VL(l0),lMATL(lOj,1sILE,lNS . 
co~MU~/~~~Ali/SlMHAl,A(Alrll,fAXHT,lNS~I.GAOHHI 
COMMU'II/ ARI: Al J/ 1 NTH f ; HU l t< t t 1 N I.XR I ; l•H: LLb, "l IE.ES t f.- I l J N, PIP IN 
CUM~ON/iMEAl4/VG,ARV~tMAILFL;~AiLFl,MAILPP,NFLGS,ISCHDF,~SCHOE 
COM!o!ON/AHEAl:>/ISCtlO?,.Jr I fYP ( 10) ~MA ILi • l THICIOAINSCS 
C0M~0~/AMEAlb/tFfCY1,~~FC~2,~~FCY~tEFFCY4tM0D~5 
COMMO~/AHfnlf/t-'CHANlitU~LC~r,H~~rlP,MOUEb•UELHP 
HEAL IN~lVtLA~kAl,JNSHT,INIRT,INTXHT 
R~AL J~b0R,1~r~1;INCTXC,1~,c~~.1SlPHP,KK•LENGT~tLVF,M,MONEL,NICKEL 
1F(M0DEJ.~w.2l w=wG . - . 
JF(~ODtl.~O.cl kHO=HHUG 
IFC~O~t~.tv.O) uO 10 4 
OlAM=O.U3l~O((~O*O.~)/(Mnuoo~.~5)) 
CALCULAl-XC,N OF' OlAM ~~ ON O..,TIMUM \/ELOCIT~ METHOD 
WtHT~(f.,:"1) L>IAM 
FOk~Al(////6X,•LINt SILE ~y O~T.1MV~ VELOCITY ME!HOOm•,El3e6,2X 
l•'llllt) 
lF(UlA~.&E.u.~.AN~.UlAM.Lt..o.,5) ISlL~=l 
IF(DlAM.r.E.O.l~.ANUeOIAM.LE.l.Ol lSIZE~~ 
IF(DIA~.GEal.OO.ANU.OlAM.Lt.l.!:>O) ISill=3 
IF(OlAf,I.GE.l.!:>O.ANDeOlAM.L~.~.00) 1SilE=4 
IFCDIAM.RE.~.OO.ANU.UIA~.Lt.~.!:>U) ISllE=~ 
IF<OlAM.~E.~.!:>O.ANO.UlAM.Lt.J.00) lSILt.=b 
IFlOl~M.GE.~.~U.A~U.U!A~.Lt.4.00) ISILE=/ 
11' (IJlAt"aC.£.4.0UeAl~l)el>lAM.Lt.!:>.00} 1Slll:.=d 
lF(DlAM,GE.~.OO.ANU.DlAM.L~.b.O~) IS1Lt=9 
IFCUIAM.GE.o.OO.AM>.DTAM.Lt.b.00) ISllE=lO 
l F ( 0 1 AM•,; E. • d • IJ :J • A NU• IJ l AM• LE.• l U • I) ) l !,; I l E:": l ! 
1 F ( D l I\ M • ,a: • l O • 0 • 4 ND • I> 1 A f.l • Lt: • l ~ • 0 l I S I .l t. = l 2 
IF ( IJ I A._: • 1.: ~ • 1 r- • 0 • AND • U l AM • LI:: • l 4 • 0 l l S I LL = l .3 
IF(DlAM.CE.l~.u.ANU.UJA~.Lt.lb.O) lSlLt.=14 
lf(D1A~.GE.1b.O.A~O.U1AM.L~.l~.U) lSILt=l~ 
lF(OlAM.GE.l~.O.ANU.OlAM.LE.~O.O) ISIL~=lb 
lF(OlAM.~E.~O.O.AN0.01A~.Lt.24.0) 1Slll=l7 
lF(OIAM.GE.~4.0.ANO.OlA~.Lt.~U.OJ ISllt.=18 
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FORTRAN tv~G LEV~L ~l Jf~ITAL OATE :a 74337 
. 
.. 
.. 
00115 
,004& 
oo~ 1 
OO<tB 
00lt9 
00!:>0 
. : OiJ&l 
. ·0052 
· · 00.~l 
- , obsi. 
~ 0055 
_ .. 0056. 
. . -.) _1:t~~- · . 
. - --.. -~,.;.-:::· (. __ -. 
,, - . ' 
2-
1 
'. t-.. .... 
lF(UlAM.6E.30.0.ANO.OlAM.Lt.Jb.O) 
1f {Ol~M.GE.3b.O.ANOeUlAM.LE.4l.U) 
lF(D[AM.~E.4~.0.ANO.UIAM.L~.~d.O) 
IFf0lAM.GE.4tt.O.A~O.UlAM.LE.!:>~.U) 
If <OlA~eGE.~c.O.ANO.DlAM.LE.~~.6) 
J F ( D l l\tll • 6 E • !:> b • 0 • AN ll • D 1 AM • LI:: • b (I • 0 ) 
j'F ( 0 l A f,1 • uE • b O • 0 •ANO• D 1 AM• LI:.• b t, • 0 )· 
- IF(OlAM.GE-bH.O.ANO;oIAM.LE.7c.O) 
lFCISIZE.Gl.~7> wHIIE(b,2> -
I~llf=L'I 
1Slll:=2Q 
ISlZF.=21 
lSllf.=~2 
15IlF~=c.3 
JSllt:.=~4 
lSI~E.=~!::» 
lSILE.=26 . 
FOH~ATC/////bX,•DIAM LAHGeH THAN"7~ IN•> 
REJURN 
E.NU 
0 0 0 
• • • • • 
18/571'20 
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FORfHAN. i•f CJ·LEVti.·· 21 
,4a .. .. • 
0001 · 
0002 
0003 
0004 
0005 
OOOb 
·oc:ro r 
0008 ... ,. · 
0009· 
0010 
ooli ._ .. _. 
0012 
0013 001,;: 
oois 
. 0·016 '. · 
ooi7: 
_...ao·1a 
6 d'l cj 
--~01>20 
,• 'c,02.1 
0022 
.01>2:i 
00~4 
:ooz·s 
.· 0026 
. 00.c!7 
0028-
00~9 
0030 
0031 
0032 
-0033 
0034 
' 0035 
0036 
00..37 
.0038 
0039 
0040 
0041 
'(f0!t2 
0043 
0044 
~-· : ~~- -'1, 
01-'ll) DAfE = -,4337 
SUtJHOU I U11E UtJ r u 
Ol~ENSION O(cJ>,rITCl~ltlJl(~b),IJ~(56)tJll(~b)tJI2(56) 
U l 11E.NS I ON I ~H l t> I ( f, H l t l SH 11-' i:! C I, Bl , l S r ... P 1 ( 7, e I t IS T f'Pc! ( 7, 8) 
OlNENSlON l~HT~l(7,~)tIST~~l(/,~)~lSRTT1(7,~l,ISTPTl(7,3) 
18.l!H.120 
Ill MEN<; 1 ON I ~,n t' l (It,, l t l S TPI- l (It• c!) • I SR T ~ t?. l) , 1 ST PE ( 21) , I SRT T :( 21> 
LJt~E~SIUN 1~r~r,21,,1~RfF(H),lSIPF(B) . . .. 
OIR~NSIUN PIPECC~7,7t~),P1(350l,P2(33S>,~3(220l,~4(~00l,P5C2SO) 
OfMtN~lUN ~h(~Ol . . -
OIMtNSIGN A1N~CC27,3,10l,~I~S1(200),BINS2(~00),~INS3(215r 
Ul~ENSION ~IN~•C~) .. 
DIMENSION ELLC(27,7,5>,FLGC(~/,4,~ltELLl(l50)tELL2(12&> 
UIHE:NSICJN H.1:.Sl 1200), Ttf.:,c llO> ,fLGSl (l!:>0), fEEC(27,7,5) ,TEE53(25) 
i>H•ENSICiN l>U'l~T (27) ,t.LLIS1 <2 I), TH IST (2'1) . . . 
COM~O~/AHEAl/UJSl,~OOl:.1,MUUE2,0lAM,HHOL,HH06t~MULtWG,WL,GL 
COMMO~/AREA~/~MUU,L~NUTH,~K(lOO),lNUEX 
COMMO~l'A~~A~/N~llS,NVALVE•HrlO,w,AMU 
CUM MO~,, A RI: A't, t.:~, CV, UDI-', MONTH, t.UPIH', :-ioor:. 3 
COM'10N/ I\ i-. EA~, f100c. 4 , f-'W~~ 4 T , 1 SLIC T , E PHE S5 
COMMO~/A~EAb/~~TI~N•U~NLEtCSISJL,:,IN:,fL,CPTR~O,wATHTE 
CUMMO~/AHtA7/H~lLYC,MU~~L,NJCKEL,JllNM 
COM~ONl'A~EAH/P~H,TUIC,P~M~C,TflTC,PIPC,FNGC 
C0M""0N/Ar1F.6~/CUMPC, l::::, I PMP, ISTCMPtSPH~:~S,UPT !Mt. 
COM ... 0'11/J\PfAlO/LJ\~HAT,"iN::ilV(~O, .. l ,Vf,LVEC(ct,4, ,,zo> ,VALVIN,VALVC 
COM~O~/A~FAll/lf-'kl:.SSl!O),lVAL.VE(lU),lMAIL(lO)tl~ILE,INS 
COM~UN/AH~Ali/SlM~AltALAIHl;JAXHftlNSNl,bAO~~l 
COM'"1UN/ Atc.F. Al J/ INT R 1, HIJ 1 HT• l NI .(f-i r, Nl:.LL S, °" 11:: E ~, f- I JIN, PIP IN 
Cu~~O~/Aii~Al't/VG,ARVS,MATLFL;~AtLFl,MAIL~P.~FLGS,ISCHDF•ISCHDE 
CUM~ON/AHt.Al~/l~CMDP,JFJIYP(lOltMATLl•lTHIC~•AINSCS 
C0"4•1UN/ A l!F. A 1 o/1: FFC 'I' 1, !::.Ft-' CY~, t.F- F- CY 3 • f FFC 'f 4, MUUES 
CO'.,MO"I/ /I l~f A 1 T /l'>CHAMu, l)l Lt~ 1 • Hi:.F t·!P • MOOE6 t ui:.u-:1' 
Ht ,, L I N ~ f V • L A II HA * • J NS H T , l N 1 H I , l N T X H T 
Hl:.AL IN~u~,1N·1~1;1..,crxc,1~1ci1P,lSTl'H1'1K~,LENGfH,LVF,M,MONEL,NICKEL 
UAIA 1Jl/l4,~*ltl4,b,3~1412~l~•l4,h~l,1~•2Ultll,Jol,14,270l/ . 
UAfA Jll/lb,~ 0 ~~•lH1l,l1lt7°27,lH,2*22,lt:l•ll•l,l,lB,2~18,14,l8tllt 
11, . 
llt:lt2*23t]~9J0}9~~lbtll9lt~*lt:l•lltlt~Ol8,l!tl/ 
UATA JJ~/7~~4t/ 0 27,/~~4,1°24,7°~4,T019t/~l~,7°19/ 
OAIA Jl2/~bo~f/ · 
OAIA IS~JE/1,l,l,40::»tl•J•~•l•~*~tl,l,~,l•3~~/ 
OAJA ISIPE/ct,4,ltl312°~/,lt:l,~tl,2T~l,2o2/,1~•5,l,27,l,2027,l81' 
DA I A 1 Sk' I, .jO l t 11 '3°!:>. 1. i '~' 1. 3°5' l, 1, !:) '1 '3 .;.!:,/ . . . 
U/\. I A IS IP T / 4 • 4, l , 13, 2 1 , ,1 , l lJ, ::», i , l t:l, l , 21 , l l , 1 t:l, ~ p l , l 8, 'i • 2 ct~ 1 , 18/ 
UAlA 1s~rF/~01, · · · 
OAlA ISIP~l'~/,30~l,c7•~1,1,l/ 
.DATA PlPISJ/~.20,0.23,.~~,.3&,.441 •. ~2,.~~~.b~,.66,~72,l.O,l.2t 
ll.btl.~,~.2,2.~,2.1,2.9,3~~,~~5,3.t:i,4.1•4~3,4.S,4e9,S.2,5e4/ 
DAIA ELL1sr,o.1,.2~,.•o,.iu,.~oi1.~,1.a.2.s,2.s~3.o,4.o.s.o,6.o, 
11.o,a.o,9.o,1~.o,12~0,i5.~,t~.~·21.o,24.o,~b.~,2s.o,~o.o,33.o,3s.~ 
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0045 
' ~ .. ...; t 
• ·:·:>'·.· 
~.t. ·~ ::.- I 
-~-... ·:.· :-_ 
~·-;-.:' °';. .:. 
":. • ·. '1 ' .,.., "J 
,_- t~;~··~·,. ~ ... , ·~ ~ -~ .. 
.\ ... 
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._·...., 
oor.s 
2.1 0 ... 10 OA!E .- (4337 lB.157.120 
OAIA TEE1sr,.~u,.30,~bOt.~U,l.o,1.~,2.4,3.o,4~0,4.5,6.0,7.5,9.0, 
110.~,12.o,13.~~1s.o,1H.o,z2.~,~,.o,30.o,34.~,a1.s,40.s,•3.~,4s.o, 
1!11,0/ . 
DAIA Pl/1Joo,0,40.7~t4b.7U,S~.6~t~8.S~e/O •• l,~oo,O,l65.27,177,13,· 
1200.e•,212.ro,1.o~,1.9r,2:~~,4.73,6.s7,~.4o,1u.~4,13.~2,11.60• 
1, 1 • ?. o·, 2 8 • 6 J • .3 ~ • 1 (I , ~ ~ • o .3 , 6 u • !> ~ , o Y • tt 8 • ·, e • 3 c; , u 1 • r. 6 , 1 o s • o ~ , 13 1 • 7 3 , 
ll~U.42,~11./~,~~~.~o•i'+l.3~,~o:,.l'+t300.71,31~-5,l.l0,2.30,3.Sl, 
l~.92e8.33,lO.l4•13.l~•ll.9f,2~.f8,27,b0,.37.24,60.7~,7c.63,80.0S, 
l ~·l • 91 t 1 0 .3 • 1 b • 11:, • 6 ~, l 3 ~ • 3 '+ t l 7 l • 9 l • 21 0 • 4th 2 4 6 • U 5, 2 H l • 6 3 t 3 0 5 • .3 4 t 
13zq.06,3~2.76t4U0.2le4~3.~2,1.3~,3.04,4e72,8.lO,ll.47,14.~4,l8.22, 
1~4.96t31.7l,36.4~t~l.~~,7~.lMtl77.94,209.97tC12.29,342.53t420.99t 
lbOl.93,~40.o,'+1u ... o,~~o.o'+,49~.33,~2~.~~.23°o.o,49l.~7,52o.94, 
l~9u.09,bllebb;~3uu.u,bSi.19.b~9.b2,/94.4~,d4l.92,2.3UO.u.a11.s3, 
1a10.~2.~~9.40,104~.h9•l~uu.o,4o.Jl,~3.oo,:,9.8v,b~.~4,BO.Ol,l00.2l 
l,l~0.441140.b5el60.~b1l/~~JltlU7e81,201.l9,22U.24,24l.71,5°0.01 
11.10,4.os,~.94,l~.u2,~1.1c,J3.~o,4~.2~.~1.o,,oa.us,1s.9s,s9.0b, 
l9~elb,ll~.~Mt14~.70,l~O.Ol,21U.34,c40.b5,?.&0ed6,2~1.0b,301.29t 
l34l.71,J61.92tl3°0.0,90.9~tl04.44tll7.40tl31.J7,1~8.32,l9B.76t 
l23~.11.~1~.b-~2u.o~,34h.~~.37J.~2,400.HHt'+54.IA,4~l.72,13~0.o, 
111c.&3,l~Q.~9•14h.3c,lol.11.1~&.Ub,2'+f.~9,291.qz.34s.4~,398.99, 
1<+3c.6~,466.Jo,~oo.o~,:,o7.~2,601.11,13uo.o,133.90,15tt.l?,l74.34, 
119•.~s.~3~.~,,c~~.61,J~6.c~,4lo.d~,47t.~c,5ll.gs,s~u.J6,s9a.ao, 
167~.b5,l20 .• DH•lUo0.0,3Y~.J6,4/l.&~,~S~.48,633e33,687.22,74l.12.I 
UAI~ ~i/ ,~~.O~t90~.uc,~~b.7~,1H 0 o.o,il~.b9,~~A.02,6U9.58,791.12, 
1a~u.H2,9c~-~J.~~4.cl,11~~.01,1191.31,13°0.o,14.,1~.,1~.s,1&.6l, 
119.~2.4bo.o,42.37,4~.~1,s1.4~,~4.~J,l.n3,1.8~,2.42,3.10,1.s1,2.46, 
1J.13,4.37,~.l'i,7.3o,1D.d7tl~.~l,l~.43,20.99,~3.04,24.B4,2b.5lt 
lc9.~bo33.77,40.61•4le4~t~lt.2Y,b3.4l,61.~7,77.0Q,8le65tl.95t2el4, 
\.3.dl,4.~~.2.20.3.J!,4.31,b.13,tt.31,11.1~,1b.72,c1.11.~S.06,2a.11, 
l~9.B~,Jl.J~,3~.2J,3~.o~,44.84,~J.~b,o3.0ij,,~.cu,a4.36,90.44, 
110~.bO•lOH.orl,2.2~,l-~~,3.B7•b.3~,J.Jb,4.c9,~.98t9.U2tlJ.8l,19.20, 
lJO.J0,~7.73.&f.33,79.u~,y~.,111.r1,1~u.,~,1sJ.o,4°o.o,1os.21, 
lllc.~l•l?.R.Oltl3S.61,].90,4.c~,~.11,9;0~,4.~9,6.44,B.53,12.54tl6.6 
l~tc4.3~.,J.cl,llUO.d,lc~.Y7,lJ~.o~,lS3.33tlbc.4~,2c
0 0.0,l67.20, 
111~.~6,i~J.~H,cl~.u4.~2uo.o.~od.o~,~~3.t~,~~J.b~,~bB.es, 
ll~ 0 o.U,l1alo,l4.JJ,15.4Lltlb.Jd,lU.~l,4°0.0,4c.37,4~.41,~l.49,~4.53 
l,l.b3,l.A5,~.~2,J.(~,l.ltd,2.J~,2.9~,4.ll,~.•b•h•~c,10.2l,l4.Sb, 
ll~•l7•19.74,~l.~O,~J.1l•~'+.~f,~7.3?,4°0.0tbJ,4l,6f.~7,77.09,Bl.65, 
11.9s,2.14,J.01,~.~i,2.u~,J.12,tt.or,~.,u,1.u2,10.54,15.72,l9.86, · 
1 2t.J9,~h.J4,~7.r~,2~.0d,JO.b7,3;.Y7•4lt,U4,53.96,b3.0B,72.20• 
184.36,9~.4~tlU2.60,iu~.b8tlU~O.ti,1.74,9.~o.11.ab,lb.lO,HOQ.O, 
llO~.~l,112.Ul•l~d.Ol,lJ~.bl,~.~S,?..9~t3.H7,b.J~,3.1~,4.24,~.94.I 
UAlA P3/~.31,lJ.OJ,17.~~t~H.4M•44.bHtbd.l~•f4aO~t8A.53,103.58t 
1120.12,1~~.~~,4tto.o,1~~.~,,1J~.09,1~3.33,lh~.45,3.90,4.28, 
lb.02t~.B414.0c,b.~l,T.9~,ll.b~,1~.b4t~l.~l,~~.77,)l00.0,167.2, 
ll7~.Jbe2u3.bdtllS.B4,c~wo.o,coB.0~,22J.2~,2~3.b~t2b~.~S, 
1G.U21l.JH,2.4~,J.co,3.41t~a76tbe03,/.9~,ll.JO,l3.47tl6.B4,25,02t 
l33.52,3t.84,44.~U,~0.~0,6Je~4,oH.4~tl40.3lel68.Jl,l96a90t225.20, 
e::t C, 0 C 
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17.6ij,9.q1,13.~o.1s.46,~.3.U8,3U.02,39.22,4~.0l,Sl.54,!:>8.05,74.76, 
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1102.93, -
1~ov.ss.~s2.02,2c.;4.4T,~3~.~~.~b~.21,393.~1.,.~1.a1,•1e.4o,soE>.7~. 
-·- ···- 1~.1a,3.3&,3.74,:>.4!:>,6,2th~.do,1.3.30,1e.11,2~ .• u6,33,46,52,69• 
Jas.2~.101.&&,111.9c,lc~ • .34•l44.7d,lhl.co,19\.os,21e.?.6,334~85, 
l~9l,45•448,04t4Ub.7f,~~J.~O,~bl.23,63b.b'lt6/4.42,3.74,4.SB,5.0J, 
11~s2,a.eq,13.37.,1a.%7•~o.bY,4~.23,!:>l.b2,a1.~1.11E>.a4.13s.ss, 
114·'1. 2 3., l I 1 ; l c , 1 'J 3 • 0 4 • ~ l 4 • ~ 3 • c ~ !3 • 7 3 • .;t 4 6 • 3 ~ , 4 1 I • 0 9 , 4 cl 7 • 8 4 , 5 5 8 • 5 8 • 
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i~o~~.14,7~30.~9,101ro.or,193~0.2e,tto.c~,~33.c~,c3J.t!.~,3h2.2s, 
lli&1..:-,~,e~1.1~,1~~9.Jo~co4b.dO,J~3o.ti4,~t4~.o.,511.o,a120.o, 
111~61.9J,19lhJ.Ot30~Hl.0,~4421.0,~9~02.0tl~5.,~5,31~.0,4/4,7~, 
1a1~.75,3c~5.5U,c2~4.ol,4J~4.9c,u~9~.so,13~01.06,2la96.13,Jlb92.21, 
l397BO.b415~03~.~0,lOC~hU.dl,7,/9,l0.7G,Ib.7~,,17.bO,b9.A0,38.62, 
lllf.75,67.~~.12~.~~.~c.b~•J4.~UtLH.4(,lO~.o,15l,50tl74.67,~l9.23, 
lcd~.39,3b4eb~,3~2.lr-,~l.~~.14J.c~,119.r~tlr,c.~0,~2~.o,3a1.1b, 
1~2b.O,g44.2~,lb?l.~0,~07l.2b•cbOJ.87,J39':lo03•~237,~0,5894.211 
ll24&0.0,)7UJ0.0,319M7.01llc.~0,327.7S,327.7~,~A3,0,2~l207,50/ 
OAIA TEtS:J/cO•~.o,cll~.7~,492d.0,7~77.0,Ul13.J,lll64.0,l6898,0, 
li~b•a.o,~raHo.o,54214.o,~1230.0~112.so,J~4.~0;6l6,5o,1112.2s, 
14 ~ t> l • C.. 7 t 3?. 14 • • 1 ., !:> r !:. 0 • 0 , H tt ~ J • f ':l • l 7 l:I ~ ~ • 0 l , 213 i~ ti 3 • 5 2 , 3 3 9 6 l • 0 c , 
l~O~J0.17,H~40d.~3,l~btiJ~.~~/ -
UATA FL&~l/~.15,~.l~,~.l~,~.l~,l0.31tll,42rl3,G2,lb.60,20,321 
125.J4,44.11,n4.80,luJ.d3,1cu.!:>~,16r,4~,26J .. co,316.44,4J0.26, 
lb2o.bO,i~~.bc,1376efl•lbMb.~otl93~~03tc278.Jbt2617,69,3344e82• 
l4U7l.96,1~.bJ,1c.bJ,1c.b3,1c.bJ,13.b4,1i.90,1~.10,21.96,30.93, 
l42.52,70.d~•l0l.OU,l4/,4~,2~6.~~,J41.07,390.':l(,Sl9,9A,/70.37,. 
1~~J.~o,1~~~.9b,ldJ2.u~,12.1~,~c.rz,12.1i,12.1~.16.24,~o.46,23,40, 
l33.8~,4~.-01bUo/4,9~.0b,l3/.9Jt~J~~~/12H7.3-,~~3.c4,46b 0 25,578.74~ 
lH3~.9l,12f4.U5,lH~b.Ho,~~4U.lb•12.l2tl~.7~,1~·~7~1lc.72,l6.241 
l~0.40,23.40, . 
l4~.94,ao.~o,41.tb,13l.9U,cJ4.30,29b.42,3bd.14)hll.37,702.67, 
ltl9l.~U•li~9.0~,16~7.bb,2~fb.o~.~l89.lb,~3.t0,~3.lO,c3.l0,32,SS, 
13~.,~.~b.h~.~,.~4,7~.bJ,l~l.~~.,~~.1~,217.3~,JlJ,9~,4(4.60,~90.74, 
17J7.lO,~ll.9~,~8U.~6•l~On.67,~~93.9Jt34u~.28,~999.091bl25.64t 
lTO•o.~,.~2tJ.1~,9~u~.jl,l~/29.Hb,l4(Ub.04t3~.~s,32.55,32,55,44.10, 
l~S.o~,6~.30,B0.8~,llb.SO,ceO.~U,l99.5U,3c0.25,4!:>~.b':Jtl49,70, . 
1101~.~o,1 J41.JO,lo&2.oo;r-obo.4o,c973.30,4;&7.~3,6664,29,89l9.90/ 
UAIA 1~ts2,~.11,c.bo,3.46;~.b4~3.~~.4.3~,s.o6,1~.,2/ 
DAIA D/G.~,u.,~,1.o,1.b,Z~0,2.~.3.u,4.u,~.o.6.0,8.0,lO.o,12.o,14 •• 
ll6.o,lb.o,2u.u,~4.o,30.o,Jb~•4~~·48.,~~.,~b.,oo.,ob.,72./ 
JSllE~ISlZE . 
~IND~X=(J.0037900MO~TH)/(3,0b39~~) 
C 
C P.LPt., t-JlllrJb~t ANi> lN~lJLATlUN CCJ~15 ~!CHEO INTO ARRAYS 
C 
IJO 734 l~t.lt.=l,4 
l\l=JSliL 
K£=4•I51LE 
ELLC(IS1LF,l,l)=ELL1 (r<l) 
734 ~LLC(J~ILEtc,J)=ELL1(K2) 
00 73~ J~Ilt.=1•5 
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73~ 
·-
737 l • 
..;, 
• 
21 
KJ=/7•1~1lE 
K4=c~•J~llE 
tt!>=~ l • l~J. Zt:: 
t\b=J~lif:.•llU 
'-
• 
Ot'JO 
ELLCC l~JLEtlwc~)=lLl.1 Cl\3) 
t,,i.LCCI~lLE,J•l>=ELL~CK4) 
~E~C(JSflE~l,2JPTEE~l<K~J 
lEtCfI~tLE,1,JJ:lfE~i(KbJ 
oo 73& 1s1tt~s,1u 
K7=I:.,lll:•5CI 
I\H=JSilt•95 
K9=I:;;I't:•30 
K~=K:,+J 
Kb~Kh• 1 . 
Kl0=1~1Lr_+1 
Kll=ISJa!:•lOO 
ELLC(JS(l~tftl)=tLLl(~lt 
ELLC(J~JiE•/,J)=tLL~<~~> 
tLLC(l~llF,/,~J=l:LL~(~lOJ 
TE~C(I~llE,1,lJ=JtE~l(K~J 
lf~C(JSllE,J,~)=TEESllK~J 
fE~CCIS1LEtl,2J=TiE~1CKll> 
1EtC<I~ll~tJ,l>=TfE~lCK6) 
po 737 JSll~=~,27 
K2=1(2•l 
Kl.:J=l\2+23 
K3=,<:3+l 
I\J4::KJ•~3 
1(4:1(4+1 
l\l~::P..it+?3 
Klb=~JS•?.3 
l:LL~lI~JlE,~,l>=tLLl<KcJ 
tLLC(1Sllttb•l>=ELL1-C~l3) 
ELLCll~llE,J•2>=ELLll~~> 
tLLClI~JLE•~•~>=l:LLl(Kl~> 
~LLC(l~l/F,J,Jl=l:LL2C~~I 
~LLC(JSIL~•~•J>=ELL~(~l~> 
l:LL~Ct5llE,h,JJ=tLL2(Klb) 
00 743 l~tlt=~,lb .. 
Kl4:Kl4+1 
~LLC(lSllE•h•Z>=ELLl(Kl~J 
t\J't:U 
00 144 1Sll~=17,~7 
Kllt:1(14 + l 
fLLC(I512E•~•2> =ELL~(Kl4J 
00 7~8 ISllt=~,Zl 
Kl 7:-J S llE-lt 
KllS:Kl ·t+ 17 
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0119 
Olii::O 
01..::1 
01~2 
0 lL'3. 
o~·~·c..· 
01 r'.!) 
oiib 
Oic!7 
oi~e 
Oi~Y 
OlJO 
O.LH 
Ol.32 
n};,J'3: 
Oi34 
0,13!»' 
·-.n~b 
-ou,· 
0}39 
0139 
0-hO 
014.l. 
Oi.:4~ 
oi-,.j 
O i'io 't 
ol'45 
~1{f 
0 l ••M· 
01·4'-1. 
01;(0_ 
o'.1s 1.' O'l5~; 
ofsj' 
oi'~e. 
oYs;· 
0·1-sb 
· o.n,, 
Ol:~6-
01~·9_. 
o:ib·o 
o.tbJ 
o:f~'i 
01),'3'. 
· ,r11;·4 
oU,'s: 
i>l"ifb 
738 
741 
73"11 
741,) 
741 
72':) 
K~=l(~•l 
t:l':J:l\5+17 
K6:l(f>+l 
fLECCIS)LE•!),l)=TEfS1C~l7J 
TF.~C(1SllE•htl)=lt.t~l(~JHJ 
f E l·.,C ( 1 ~ 1 L f-. • !> , ~) = 11:. E::; 1 CK'::> ) . 
rlEC<l~JlE•b•~>=Ttt~l(K19> 
lF.LCCISlLF.•~•~)=TEESlCKb) 
UU 74~ lSILt.=~,lU 
K6=1(6•1 
H:.:t-.C C 1 S l /E, ta 3 > = 11:.ES 1 (Kb> 
K6=0 
UO 146 1SILL=ll,~1 
t\6=,C:6+) 
TEl:.CCIS1LE,b,3J=Tl:.l:.S3(K6) 
UO 147 lSJLEc~,18 -
~b=l\b•l - . 
TttCCl~J/f.,7,~)=l~ES3l~b) 
uo 7.:J~ 1SIL~=~•l3 
f(,,"7=rC7• 1 
tLLC(l~lLE,4,lJ:ELLlCK1) 
00 (40. 1Sii~=ll,l~-
l\11=K'l•l 
JL~C1I~lif•4tl)=T~lSl(KQ) 
uu ,~1 lbilt=l,27 
1\21.:ISTLE. 
l\~~=l\~l•CJO 
FLHC(l~l/E•l•l>=rL6~1(~21> 
tLuC(l~l/Etlt~>=YLti~l(l\22> 
OU 74l l~Ilt=l,~l . 
K~l-=l\~l•l 
"ic'=l(?c• l 
K~~=Kc!.3+21 
K2o:K2':>•c!l 
Kc,:1:d\?.l •~J 
l\t!'J::t.i;'~. t! 1 
fLuC(l~llF.•~•l>=FLu~l(K~l> 
fLuCCJ~J/E•t!,2)=FLU~l(Kt!iJ 
fL~CCl~lLE•~•l)=FLG~lCI\~~> 
fL»C(l~t~t•~•l>~FLtibl(~~9> 
00 7t!5 l~llt=l,~ 
Kc'l=I~llE.+ct 
TE~C<tSt/f•l,l)=TEtbl(l~lL~l 
r~fC<ISil~•~tlJ=TEE~2CKlfJ 
UO f~l I~Il~=l,~7 
Jl=I~IlE. 
J2=IS!LE•~7 
J.:J=J~•21 
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Olb7 
(ilt>u· 
0169 
01,0· 
0111 
oi12 
017) 
n l.h 
Oll'S 
01,76 
0177-
0l7B 
017'1 
oleo 
C, 1.1:S l 
o'tez 
oie3 
_:~11u~ 
ofu!> 
-~i>'186 
01't1 ,. 
oles 
01B9 
Q,l_'JO 
0191 
of92 
;_o_f'JJ3 
0,1.Ylt 
o:i);s 
oJ'.-i& 
O('J1. 
.0,1,~.a 
· ct~"9 
0.2..00 
·0)~111 -
O.Z\12 
~o"'zij3 
._ .cr-20-,. 
J2.}I'> 
O,iU6. 
rflo t. 
:o'l:fo~ 
'i>to~ 
:11·21 o 
_ 0'211 
. :c,'21.2 
·.·-:\0~13 
. :o'~l~ 
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7Sb 
0 
• 
21 
J4~,J.j+c'1 
.J!>=J4•27 
.. Jb=J!:,+l 1 
C 
• 
01-' JO 
~l~~CCl~IZf,1,~>=~l~Sl(JlJ 
AJNSC(l~ILf,1,~,=~lNSl(J2i 
.JJ~$tC1~IlEtl•~>=H!~S1CJ.JJ 
P.LN!»C Cl~l lt::, lt 5 J =tHNS 1 C J4 > 
Al1'4SC tl~l lE., l ,b) =lUNSl CJ!>) 
A ii~~c c 1 ~ 1 LE, 1 , .,, = i, 1 NS 1 , Jt> > 
b~~7!>2 JSil~=l,25 
I jt,:Jt,+ 1 
:A~N~CC~~JZE,l,U>=BINSllJb) 
.~f>~O ~ . . 
.. O.IJ '7!>3 lSll~=~b,c!T 
J.b~Jb+l 
~lN~CCl~lLE,ltd)=BINS~lJ~J 
bO ·7~4 ISJL~•l,~7 
J~=J6+1 
J{:.2·1 +J6 
Jf:S=.J7 • r., 
J.CJ .=21 +Ja 
.J'fu:J9•~ 1 
Jll=JlO•i'.7 
Al~SC(I~lZE•l•~>=blN~~(Jb) 
. A I NSC ( 1 ~ J l F., l, l O) =tJ I N!:I~ ( J f I 
AlNSC(JSJZE•~•~>=~INS~(~tti 
·AINSC(ISllE,~•4>=~1NS~C.J9) 
A t,.,SC (IS 1 l F", ~, !'> > =tH t,Sr. CJ l U > 
~J~scc1::.1z~.~,aJ=UlNS~CJ1l> 
00 75~ lSTlt=l,lb 
Jll=Jll•l 
Al~~C(l~JZt,~,7>=~1NS~(J11J 
Jll=U 
00 75~ 1S1L~=l7,~7 
Jll=Jll•l 
AT~~Cft::.Jlf,~,7>~~1NS~CJ11) 
UO 757 1Sll~=1~~7 -
Jl.1-=Jll•l 
Jl~-=Jll•,7 
Jl.J=Jl2•;>7 
Jl4=Jl3•t'"/ 
Jl~=Jl4+;?7 
'Jlt.:Jl~•i:!, 
Jl f:Jl(,+27 
AlNSC(l~JZ~,?.,o)=UINS~(JllJ 
AINSC(l~IlE,Z,9)=HINS~{Jl~) 
AlN~CC1SJ2E,~,lu)=HlN~~CJ1~) 
AINSC(lSliE,l•l>=~lNS~l.Jl~J 
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IJ<'l~ A 1 ~ •, C C I !, I / t. , .1 • i? > • Ii I t, '• .j C .J 1 :> > 
Ot'lr. .,._, I I\ I ... ~.c C I !> J / I' • .J, .J) • ti 1 N '• .j C ,J l r, I 
Or. l f OU lb u J ~ I / t· .. 1 • ;• '• 
Ol.llJ J,,. ... , l t,. l 
O~l'I· fbU ~lN~CCl~J/L,~,4)~U(N~~CJlb) 
Oc',;O ·- JlO:;;lO 
o~~l-,: 1)1) ~(, l 1',llt.=6'!~t?.7 
al~?. 
' 
Jlo=Jlb·•1 
Oc"23. 7bl AlNSCll~l/.Ee~•4>=U1NS4CJ1b) 
022i. 00 7Ull 1r:.tlt.=l,c7 
02~::, ll\4=1~1LL•l.l 
02i:b I~= I~ J lJ: • l lhj 
OZc.f 11':>=lSlLL .,., 
02.:!l:S I Ko= l SIL f-. + ;•-+ 
022':i 
~l~ECCI~l/.t,1,ll=Pl<I~ILEI 
0230 
~I~ECCI~ll~elt21=PlCILI 
0231 
~IPt.Cll~tl~t1tul=P3CIK~I 
0~.32 Plt't:.C( l!:-1Z~tJ ,7):j,,>'t(ll\!;>) 
~'33 700 PIPECCT~IL~,l,~>= .. ~(11\6) 02_;,14. lJC 72'J lS(lt.=.l,2() 
02~5 lt<..l =I!, l LI: +:~o 
U~..i~ 
.i.r<c!=lSILt •clc 
02.H 
... 1 PE t: C 1 ~ l t. E t 1 , .J.I = t,, 2 C 11\ 1 I 
02.JB '12'1 ... I~~Ccl~f/~elt4l• .. ~CIK~I 
02~9 11(=1 ~Id. •J 
Oc4\J uu 1i!b 1S1Lt.=l,~O 
02-41 lK'-Jl<.+l 
0242 72b Pil-'ECCl~JLt,2,ll=PlCll\l 
02'•.3 PIPEC(~l,c!•l>=ll:l~.l~ 02,.4 l)IJ I c. T J",[Lt=c~ec.l 
Oc4'i 1K-=IK+l 
0246~ 727 PlPECCl~lZl•2t11=~1(IK> 
Oi:!•7 C,IJ 7Ul 1SI6c.=l•2I 
!)~48 I~•~;IK't•l 
024'1 li<:,: 1 K:»• J 
Oc!:>O I Ko= I ;\f- • l 
Oc!Sl lL=JL•l 
Oc!:,2 PIPFCCI~J7-E,~e21=~l(JLI 
0253 ~It,,lC<J~IL~tc.tbl~P3CIK4) 
02~4 Pl~ECC1~1Z~,~•f>=P4CI~!,) 
c~ss 70 l I-' I 1-'!:.C CI~ l H., ~, 1:1 > = ... ~ ( I Kl->· 
02!:lb uu /30 1:iilt..:l,e.b 
0257 It<l:11(1+! 
0258 11\.::!= 1 l\.c • l 
02~'1 PlPECCl~lLE•c!t3J=P2Cll\ll 
02b0 73~ PIPlC(l~IZE•2•4l=P~(Ii<~J 
o~bl 00 70~ lSllt.=1,~7 
0262 .IK=tK•l 
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0 i!t•.J 
02<>• 
02n5 
oct>6 
0Zo7 
o~c,s 
o~e,iJ 
O~)D 
~271 
. oir11? i,z:r..J 
.027• 
o~·,s 
()~1'6 
0~.71 
-·oz:ta 
·· 1r2:-;9 
o·iklo 
-.16'zu1 
\Iii~· : ~,1&2,. 
;:ii~85 
. :020& 
-, 02& 7 
:J{~a 
'0269' 0290 
:-oi.J 1 
.\gf?: 
'0.!94 
_oc:95 
.::ii; 
.. 0~98 
·oc!'J.9 
0300 
:otiu.·1 
ba'cf2 
o:·Hi3 
~lt:: 
0306 
U~"u7 
. _t):~·Qe 
·030·9 
03110 
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LEVt:L 21 Ot-'10 
IL=IL•l 
JK .. =l,<4+J 
JK~•=lK~+l 
lKb=JKf.•1 
PIPECCI~JL~•Jtlt=PlllK.) 
Pl~fC(J~IEE,3,2>=Pl(IL> 
f!ft'l:.C.l I c-, 1 lE, :Jt b J =P.J ( ll\'t > 
~'lPE.C.C lSl ll:., J, 7J =Pit (·II\~) 
70~. Pl~F(CI~IlF,.Jtb)=PSIIKbJ 
IJO 7JJ ·l::,[lt:.=l,26 
ll\l:lKl•l 
IKr.=11\c•J 
P lt'f::l:'( J ~ILE, .it~) ·=P2 UKl > 
7Jl t>(PECCJ~IL~•.Jt4)•P2CIK~) 
UO IUJ lSil~•l,~7 
lK=IK•J 
lL=IL+l 
lK 1•:Jl(4+1 
I K~:: 11\:;+ l 
lKb:il(f:•J 
PIP~C(l~IZl,4~l>=Pl(IK> 
PlPEC(ISJZt,4,~)=Pl(ILJ 
PI~~C(l~JZl•4tb!=P~(IK .. > 
PI~EC(J~lll,~tl>=P4(Ii<~) 
70~ Pl~~C(JSJ/E•4•8>=~5(I~b) 
UO 73Z l~IL~=l•~b 
Ii<l=IK!+l 
l~~=l~~+l . 
Pl~EC(l5JZE,_,J)aP2(I1\l) 
732 PIPF.C(fSIZEt4t4J=P~(JK~) 
0~ 704 1::,lL~•l,27 
IL=TL+l 
11\=JK•l 
·I K 4 = 1 K 1& • l 
lK',=lK:,+ 1 
IKo=Jl(f,•l 
P HTC ( I ~ l l E , :.,, l > = fl l (II\> 
fJ it' t: C ( 1 ~ I l E , ~ , ~ J =Pl ( IL J 
PlP[C(l~ll~•~tb)=Pj(lK4) 
I' l 1' t: C ( t 5 I l E, ~, 7 > =P4 I I I\~> 
704 PIP~C<l~Ilt,~,M>=P~(JKb) 
00 Ill ISllL=l,26 
ll\l.,,,IK1•1 
733 PJ~EC<J::,1z[,~,3>=P2(1Kl) 
00 70~ lSil~=l,~7 
lt<:=11<• 1 
IKb=lK6+l 
!Kl 1 ::aJSllE•~O 
-c. ,· ,·. }: 
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0311 
0312 
OJ13 70~ 
OJ1'4 
OJ.is 
---&:fi-1,-' _- - ---- 801 
0317 . 
OJ1B 
0319 
031!0 
6:.ic:1 
o·Jc2 
0 .J~.J 
03;;4 
()'J25 
oJ°i:!& 101> 
t)J,d' 
ff!j" ti· 
--Q~c::>J 
((3}Q 
0'331 80,! 
03j_·2 
03JJ 
03J4 71~ 
03°3'S 
. 03i6 
. 0.317 
o:Jjs 711 
03_.~Y 
0340 
OJ41 71~ 
03<tc 
o.H~ 
0344 71~ 
03 .. ~ 714 
o.~1o6 
·034 7 
034~ "llb 
03 .. '} 
. (J)!:,0 
0351 
o'.J!:,l 11 r 
03~3 
0~!:,4 
0~5~ 7~b 
OJ~b 
o:;~; 
03~8 71 'J 
-
PIPEC(I~IlEtbtl)=PlCI~l 
PJP[C(l~Jlt.•bt!:,l=P3(1Kll) 
~l1't'.C(l5Ilt::,bt8l=P~<1Kh) 
00 HOl 1SllE=!•~~ . 
11(1:I~l•\ 
PI t-'~C < 1 SI / r. , b t 3 > = I' ii:! ( I 1'. l > 
U~ fOb ISili.=l•iH 
lK.: (K• l 
IKl=l~llt.+3 
IKH.:1Sllt=•20 
I.K•J:: I~ Ill:.• I I 
fr<ll-=IKll•l 
Pit-'~c,ls1z~,,.11=Pl(IK> 
t-'lPECCI~Iltt7,~)=P3(tKll) 
~IPFC<J~ll~1f16)=P<t(IKUJ 
Pl~EC(I~tli,f,7l=P5(IK~J 
UO MO~ {3Jl~=l1,!b 
ll\l=I1U•l 
11(10=1':,Jlt:• 1•~ 
~JPECCl~1lE,f,J)=P2(I~l) 
Pl~£~(1~1Z~t7,4>=P3(IK10) 
00 710 l~Jl~=l,/ 
IK~=I~c:-•J· 
f.> I i-' E' C ( I ~ l l E. t ::, , 4 > .: I-' 2 l I KL > 
lK.J=O 
00 711 l~Il~=~•2b 
11<.i=I~.:t+l 
P~~~C(l~llE,~,4i=~.JCIK~) 
UO 71?. ISll~~l,~b 
lKJ:ll\3•1 
~1PEC(l~Il(,h,4)=P~(IK3) 
110 7l't .t~CHt.ll=l,T 
UO 71~ l5Il~=l•~f 
Pil-'r:;C I l!:>.llE., I:>CHEO,::>) =PIPt:.C ( l~l~Et lSCHE.Ot l) 
COi•: T 1 'JUt . 
UO 71b ISilL=l,~~ 
lL=fL•l 
Pl~E.CCJ~lll•bt2>=Pl(IL> 
lL=O 
l>O 717 l~1Il~.:,!~12f 
lL=lL+l 
Pl~EC<l~Ill,b•2>=P~(IL> 
IJO 7~li 1::. T ll~=l ,27 
IL=JL•l 
~lPEC(l~Il~~l•2)=P2(JL). 
~o 119 l!:,Jlt:.=1•7 
11(4:l'(lt•l 
~I~~C(J~IlE,be6)=~3<lK4J 
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fOHIHAN IVG LlVLL ll OPIU 
OJ~·:I 
03t.O 
OJbl 
0 jtu! 
O:Sb.l 
O:Jt>lt 
0365 
.0366 
03h7 
OJbB 
o.3c,9 
oj1o 
o.Hl 
037.? 
0373 
0374 
031'5 
0.'3 i& 
03"1 F 
-. 378 P .. 
OJ7'1 
OJIJO 
0381 
038?. 
0 :Hs.3 
03!54 
o~i,; 
03H& 
03H7 
03H8 
0311') 
Ol~U 
0391 
0392 
O:t'.13 
03·H 
0 .3'i!> 
03'i6 
OJ<j7 
oj'Ju 
039•) 
o4uo 
O'iOl 
Ott02 
04.03 
:!:: 
040& 
7~U 
803 
2L'i? 
221 
lK'tr-0 
UO 7~0 JSil~=H,?.I 
IK .. :Jl(4•1 
PlP~~Cl~IZE,&,6)aP4(1~4) 
00 7~1 lSILt:al,10 
l~~=lKS•l 
t.• 1l'c:C ( 1 ~ J l E, b, 1 > =P, CI I\~> 
11<5::U 
bri ,i~· 1stti=11,2r 
lK~all\~+L 
Pt~tC(~~llEt6t7)aP~(J~~) 
,00 7l3 l~tlE=l,lU 
lKb: 11('& • 1 
Pl~ECCl~llE,t,d> = PSCl~b) 
ll\t>=U 
00 7~~ ISl~~=L9,27 
J~o=ll\b+l 
PIPECCI~llE,7,H>=P&(lK&) 
Ul) hll3 ISl.tt:=1'8 
lKb:a.ll(b+l 
PJPECC1S(ZE,l,9)aP&(lKbl 
l\rl:O 
uo e~l ,J=lwts 
Uf.J ~ 2 'Z I= l , I 
I'\ Tl :cK T 1 + 1 
J~NfPl(l,J>=IJl(KTl) 
1SIP~l(l,JJ:J11(~11> 
J~HT~l(leJ):1J2(Kfl) 
ISIPP~<l,J)=JllCKTl> 
coin 1 ... lJt: 
1\11:U 
00 iiJ J::l,~ 
UO 2?lt l=ltl 
r<J l=~T 1• J 
1 :itt H.1 l 1 • J >=I ~R l t: ( K H > 
J~l~El<J,J)=1SfPECKfl1 
! ~tt 11 l C 1 , J) = I SH 1 T (Ki l) 
1~r~11,1,J>=I~T~r<Kfl> 
CO~TJNU~ . 
Kll:O 
uu 2;,; .J=l,i! 
t>O ;>~& I=l •'+ 
... r 1 -=,.. r 1 • 1 
lS~TFl<I,JJ=l~klF(Kll> 
lSIPflCl,J)zJSTPF(KilJ 
CONTl~UE -
1S1ll:.:sJS1ZE 
1\01.JN~=~ 
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0407 
040/i 
0409 
o,. i:-o· 
O•ll 
'041'2 
OIi 1:3' o• f4° 
O• l's.:, ... , 
o•(n · ~ 
o-.1f·· 
o,.fe . 
:,_I• 
04 l'.:.. 
0420 
o.,.ci 
·01+~2· 
O•c:3· 
d'.1t c!'4. 
or.cs· 
·04~!, 
04c7 
04.i:& 
04~9 
or.::;o 
04.Jl 
O<t.J2 
0433 
0 .. 31+ 
043_5 
oer3& 
043; 
0 '- .JS 
0'+.J'I 
Ot+~O 
04'+1 
·o•.r.2 
0443 
04 .. 4 
044~ 
044!) 
0447 
o .. r.d 
04,.9 
I NlJl:_X:aO 
lOIC=O. 
,,.f.11 H:: Cfu~!>O) 
2bU FU"~AT(/////lOX,•INi,>ur ,..AKA,..El~HS•) 
wHJT~C6•~~U) lSCHUE•l~~~U,..,J~LHUF 
.24~ FUN~AJ(//~A,•l~CHUt:.=•,1J,~~.·l~CHUP=•,13,JX, 1 lSCH0F•'•I3) 
\lr<..f"rt-. Ct., ?.41 J MA 1 Lt- L ,r-1.\ I LF I ,MA I Lf'i,l,HA TL I 
?.41 t- Ot<"li\ 1 .C / /"i'1t.e • 11A TLf- L= ••I J, 1A, • HA fLt- T=•, I 3,~J( • 'HA fLPP• •, 13• JX, 
.l •,t" fL.l= • ,.l.U 
. w~lT~C~,~~ZJ Nt-LHSellHlCKt~ELL~,NTt:.t:.SeNFlTS,NVALVE 
.2~~ FUM~Al(//?X,•HtLb~=·,1J,3A,•llh1CK=•,13,~x,,~t:.LLS••,13,3x,•NTEES• 
l•e1313Ae•NF11~='•13,JAt 1 NVALVt:.:•,1J) 
.,,,o Tl:. n,.;.,tet.i) ""'JUt.l ,MOUl:.c•l'1UL)f:..,;hHOUt:.4 
240 t 1J11~A 1 (/.f~A, • ""Ullt:.l:..', 1..h 3A, • "'Ul>t:.i!= t, l J, 3J(, • MOOE~=- t, 13,JX, •MOOE4• t t 
251 
25J 
lB> 
Wr-tl rt: Ct-,~'•'.IJ H11uL,HIIOu,HHU 
f, O,t ... A TC //~X, • HttOL= • tE 1 ~ ebt.iAt I HHOG= t ,t:.l J ,.b, . .SXt t HHU= t 1ElJ.6) 
~HlT~(b•~~O) AMUL,AMUGeAMU 
t- o't-0.1A f C, / '?X • • AMUL= • • l J .:i • b • .JX, t AMUt;: t • E 13 • b, .j,11, t t AMU= t • E 13 • 6 J 
r.HlTt:.(b•~!'JJJ l!iLtwlhW . . . 
~OH~~T(//~X,•WL='•~l3,6,3X••~G='•Fl3ebt3A••~••,~13.&) 
~HllE(6,,~lJ CP,CV•hL . 
fUH~AI ,,,2x.•cf'='•l13,h,3A,•CV=•,El3.b,.JA.•6L=•,~13.6J 
wtH It lt,ti.''>.U Lf:.Nuftl, IN~ 
f- (Jt<._,A T C /, 2 A, • LI:. f~1, T ti= t t ~ 1.:1, b t .JX It' J N~= t t l J) 
VlHl Tl (t.,,;'~4J ~f't<t.~StlO ... () ... ,LPHE:.~ 
f Ot<•-tA 1 C / / t! f., • !:>1-'t-Cl. ~ •;: • , f.1 .• 1. b, ::IA, 1 1::UPOPa: • , t:.13 • b, 3X, t EPRES.S= t • E 13 • 6) 
W~!TE(~,/~5J !:>IMHAl.,ALAIHltLA~HAT,f'~H~Al . 
hJ1t•~I\ l C / / l A, • !:> l MHA T = • , t. J .3; b, .J A• 'Al.A I 1-! T = i , £:.1 J • b, JX, t LABR AT= t • E 13 • 6, 
l-3A••t'i..lO<AT= 1 ,t"l.J.b) . . 
"'rlll!:(t•t,1',t>J IAAHlelN">HleuAOHHJ . 
f-0•04AT (//2"1(., • lAXHI=• ,t:.l.J.b,;JX, • lNSlif=• •El:J.be3X, •GAOHHT•• ,E13e6) 
wHTTI: 16,-:~U) lNlHT,tW1Hl,1NrAt<f. . . . 
FOHMAT(//ZA,•INIKl=~.~.l.J.b,JA,•HOlHT=•,fl3.&,.JX,•l~rxRT••,El3.6) 
0 J ,\ '-'=D < l ', l l t > 
t:•<l Tt:: <I',, .:-ri 11 
•~~~q~~v~~av~~~aov~o~oovo~••~oot) 
l THIA•-=rq)u:111 +i 
~Mlfl:.lt•,191 lT~lALi~lAM . 
2~Y F0rl~A1(,////XotlHlAL ~u·,~~,l~,,.X,•OlAM=•,El~e6) 
~DUNl=~LU~J+l . . .. 
AJr,~C(le:J,J J=O.O 
Ir IMATLt- r.:..i.11 l:.LLJN=lt.:LLl~I Cl~ILE.) 0 0.!>+U.'> 0 0IAM)•LABRAT 
If- C•-4Allt- l.EU.l) T~Elf~=Cll:.t.l~I ClSILE::)*Oe!>•O.">•L>IAM)•LAi:IRAT 
If"(MATLI f.C:il .1) t.LLlN=<t.LLlSI Cl!:>llE) 0 0.-!>•0IAM)•LAl3RAT 
lFCMAIL~t.Gl.1) TEE~N=lftt.15!<IS!Lt) 0 0,!>•0l~~J•LA8HAT 
~IIIN:O, . 
., 
· ... ,.,· 
• 
-
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0450 
0451 
04~2 
.04:~3 
01t!'J~ 
. Qlt55 ___ _ 
;·.· \n.•l:J·& 
.... 0•.57 ~-
: -0·1.:se 
. ·• ~b•5~ 
. ,o:i..bo 
; -: :c9.,,.~.1. 
,,0462 
, ii.:o,~3 
,_-: ·,; ~ l-;·_,---~·- ." 
O.•b.lt 
, ;.{046S 
,-. ·~;oit'b6 
.:._\Jl~~i 
-~:?;;iSi:· 
· · 'o•ll· 
·_-· :o;.·r2 
.,.()4·13 
, '·oi't ,. 
- ·o,. ·;s ~ :;:~:r,i 
'~~~ 18 
.04f9 
0480 
_ ·o'<t•J 1 
_.04Bi! 
:c, ... u 
04Hlt 
04U5 
()'4ttb 
()48( 
' 0,.88 
()<ttf9 
0.4"0 
btt'll 
t, .. :.,2 
04"3 
0494 
bltlJS 
b•CJ6 
---
TFITL:O. 
lF,NFIT~.E~.OJ ~U TU ~~2 
IJU i!?O J:-t,Nt-"IT~ 
IFlJFllYP(lJ.E~.lJ ~IIC(l>=ELLC(l~llE,ISC~D~tMAfLFT) 
IFCJfITYPCJ>.EU.l) fiic,1>=lttC(ISllE1ISCHOE,MATLFTJ 
JF C,Jt-"l HP ( I J .EO. lJ rt i lN=t-1 flN+tLL IN . . 
'-:i. t F C ~w l l .,. f,I C I J • t. (~. i J , .. I I 1 N = t- 1 r 1111 • r I:'. E IN 
2jo JFlfC:(lfllC+FIICCt>~~lNUtX) -
29~ P l .. ·C=P l f·f'C CU• 11.E, 1 ~C11UJ.o •~AI LPI-' I •LENG 1 t-t•P 1 NDEX 
Pl .. l~~PlPISIClSJLEJ•CL~NGl~l'lOO.J•LAHHAI 
FN6C=FLbCCl~ILf•I~C~UF1MAiLFLJ•~LOAf(NFLGS)•PINOEX 
A 11 .. _;iC~=A JNSC '151 Ll:., MA IL l, i 1 H l C~ J 0 Lt.N6 Ttt*I' l NIJC:X. 
IFCISilt.L1.ISH1 .. 1CJSCHUl't~AILPP>) GO-TO 230 
·lFCl~lZ~.Glel!:>lPP1ClSL~UPtMA1LPPJeANOe1SllleLT.ISRTP2CISC~DP, 
lMAILPP)J GU ru ~Jl . - \ 
lF(tSJL.L.Gl.l~H~P~(l~C:HOPtMAILP~J) GO 10 ~3l 
tF,N~LLS.EU.U) GU lU ~.J~ . 
lf(l;,:,Jll·.Lr.1'!,HIElCIS<.:ltrJt1MA1LF1J> GO TO 230 
If ll~ILt:..Gl.1•;1PElClS<.:11Ut:1MAlLtlT>J .GO 1.> i:!3~ 
23, IF(Nf~E~.E~.o, ~o JO ~J~ .. 
lFCJSl~~.Ll.l~HTll(lSChUt:,MAIL~lJ) GO 10 i:!3U 
IFCISJ1~.GT.lS1PTl(ISC~UE•MAtLFT>J GO TO 23~ 
2~~ lFfNFL~'!,.EU.U) GO TO~~~ .. 
lf Ciblt~.Lr.J~H1fl(l5CHUF,HAJLt-T)) Gti 10 i:!30 
1FllbllE.Gf.1S1Pf1CISCHDF,~AfL~T)J GO TO ~3~ 
GU ro ?.13 • · 
23~ WH!Tt.,f•c?.Y> 
ISllf=lSllt.•1 
uu ru 1 
231 WHllt.(~1,29) 
lFl}NOLX.EU.l) 1SllE=1S1lt.-l 
IFlINO~A.EQ.-1) l~ILE=1SILE+l 
bO TU 7 
23~ ~HITE(6,~2~1 
ISllt::=TSILE-1 
bU IU 7 
22'i 
2.J3 
FOu~ATC/'/tt.ll.,• .. I1 1 F.: !:>ILL tJ£YONU PHICt. lNt-0 LlMlfS•J 
lFlNVALY~.~~.o, AU rn ~HB 
I~(ISILl.6~.~0.ANU.NVALV~.NE.O> WHlT~'b•~~7J 
IFlt~lll:..GE.~O.AM).NVALVt:..NEeU)- GO TU ·r . 
f0HMAT(,//~A• 1 UlAH UUISlO~ OF VALV~ co~, INFO•) 
VALV1~=0. . 
VALIIC::fi. 
DO ~00 ~1=1,NVALVE 
lt>'t'=I Pl•ESS lt. I) 
IVLV=l"''LVE: (I\ f) 
IMIL=l,-A"IL(Kl > 
VALVIIII• l JNSTV '1SllE, U'Hfe>LAt:iH4T J +VALVI,.. 
-
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0 .. 97 
0 ft aJB 
04"" osoo 
O:>ul 
O~Uc! 
0':>03 
O~Ci• 
O:,C:, 
050& 
0!:>(17 
05\ld 
O~O'J. 
0!:)10 : 
osu< 
os12. 
o~l':l 
-. 
OSl't" 
()!:,l~. 
O!>lb· 
Q!:,17 
0518 
0519 
Q=,,:!O 
G!:>~l 
05~~ 
0:>23 
0!:>,4 
O!Sc5 
O!:>c6 
05~1 
0!:>26 
O!:>c~ 
O:,JU 
0:,31 
OS32 
0533 
0~.34 
0!:>35 
0!:>.3b 
0::>37 
O~.Jd 
0!:>3'1 
0=>•0 
0!:>41 
0~42 
--
• 9(J~ 
- ---6C, 
' 3 
8 
., 
VALVC=VALVC•,VALVtC(lt'k•lVLV•1MfLel!>l~FJ•l.~3H4bl!:>4•PINDEX> 
UHVLl~=V~lV1N°0.~ . . 
V~LVl~=VALVlN•bMVLlN 
IF(VAL~C.LT.o.o~, J~I~~~1~11~-1 
lFlVALVL.Ll.u.o,> ~H11t(b•b0J 
tUk~Al ,,,.2~.•IJlAH !>t:r·uy VALVE. COST INFO'> 
Ift:vALVC..Lf.o.on GIJ 10 7 
lf(~fLG~.E~.u> FNuC=o.o 
IF(NVAL\i.tu.o> VALVL=O.O 
JF(~VALV~.t~.o) VALVIN~u.u 
l~(lN~.tU.O) ~IN~C~=o.o . 
WHl Tt (6.e241 > 
f 0th1 ... 1 (,,"HA, • cu~ T l NI- Ukf1A I l 0111• ) 
~~1~~(6,213) FNG~eVALVCePlPC•AlNSCS,TFJTC 
F~rl~AT(1,~Xe•FNGC=••tl3.&t3A~ 1 VALVCa~t~l~.~~3XetPIPC••tEl3e6t3X, 
l•AlNSC=••€l~.beJAetlflTC=••El~~&1 . 
~~~lrt.(b,,1t~> VALVIN~Pll-'lNi1 lllN 
1- Ori 1.t~ T l/ / i'. A, • J N~ r AL C ~ I :, t • 21.; '\t AL VE= t , 1:..1 J • 6 • JX • •Pl PE• t , E 13-. 6 • 3X, 
1 •F 1 r~=• ,t:: l .:i.b) 
CALL .>f.Lt> 
l~(~A~UHl.EUel) ~O 10 .lOU~ 
.CALL '10VCS I 
WHl TL (f.ei"6?.> 
fO~~Arc,1,11x,•R~~ULT~ OF lRIAL•> 
Cl,LL ~C.1.;;1,. 
lf(~OUNl.~f.l) GO TO~ 
lSllt=l~lZE-1· 
1 ore~= hHC 
lF<I~ILt.E~.O) lSll~=~ 
l•O 1 u e 
JF<~O~~J.~I.~) 60 lU ~ 
1S1li:.=l~J£E•~ 
lf(l~IL~.tQ.O) w~l1E(bt50) 
JF<I~lLi:..~~.~l) uO TOT 
lOICl=IOIC . 
bU IC, <" 
lf(~OUNJ.~~.J> GO TU ~4~ 
10ICJ=l01C 
IFCTUTCl.LI.T01CleANDe10TC2.L1.JOTC3) ISllEmISilE-1 
lF(TOTC~.LT.IUlCleANUelUiCl~Li~TOi·CJ) GQ 10 I 
lF<Turc~.Ll.rorci> ~o 10 t:4b • · 
Jt,ll.iE::Jf.=-1 . 
J~llt::=I~JlE-~ 
TC,IC:TOIC.1 
bO TO 10 
lNl>E.X=\ 
IOIC=TOICl 
bll . ro 1,: 
.. • 
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0!:>43 
O!:, .. ft' 
O!:>o\~ 
05~6 
05•7 
·o,5~8 
0549 
· o"s~o 
·'05!>.l 
·,1rss2 
· ··oS~3 : o,s,. 
· o5°SS 
· :.:,o~s'6 
os·:; 1 
- °";o~ssa 
- ·'b'SS<J 
O!;i>O 
. ""', "05& l 
-'-. • .. 0!>62 • 
"',·~0~&3 
tfbttft. 
05t>!i 
·0Sbb 
o''ib7 
O~b~ 
05b9 
0!'70 
0!:>71 
0572 
0~>(3 
0~74 
·o:brs 
0576 
os;, 
0~78 
0=>79 
l>Sl'O 
05~1 
· o~a2 
0583 
0~H4 
05ff5 
0:>~6 
0!:i87 
O!:>LJ 
O!>H9 
0590 
0 
10 
238 
13 
so 
7 
2S'J 
•\ 
-
.. .. 
0~' T 0 OAJE • /4337 
lFClNt1~~.fu.11 .GU TU~ 
l F C ( f U 1 C-OL II I • u I • 0 • U I IS I .l 1:. al l:il l .LF..+ 1 
_If· (f U 1 C- IJl. l>J 1 \), 7 • T 
ISlll:=l!>Jlt-1 
lfCNVALVLotu.UJ GU fQ lJ7 
lFCl!>llt.EU.UoUHol~llt.EY.~l) WMlfECfl~~O) 
tFC[~Jl~.EY.711 GU ro 7 
-::If"lI!>Ilf .t::u.u, lSILt..=1 
IFCl~Ilt.EO.U) GU TO I 
OLD=TOlC 
GO TU 2 
IFCTOTC-OLDI !2•7tl3 
J!>l.fot:=lS(ZE+l 
lFCNVALV~oEY.01 6U TO 236 
IFCISILE.EY.OJ WHlT£c&~~o1 
OLU=TOlC . -
GU ro C 
ISJZE=l&tZE-1 
IFCNVhL~E.Eu.OJ GO 10 I 
lF(J!,Jlt.Eu.oJ ~Hllt(bt~OJ 
lfCISill:..EU.UJ lSIZl=l . 
IF((~llE.EQ.oJ GO TO 1 
fOH,..Al(////cx,•uur OF UIAM RANGE•1 
I~ CNVAL\l~oEYoU) GO 10 28" 
VALVl~~u. . 
"ALVC:O. 
OU ~OJ ~f=1,NVALVE 
IPH:lPJiE~S(I\I_J 
l\lLV=I\l~LVI:. (r:1 t 
IHIL=J~JI It. 11\l > 
·• 
VALVl~=llN~IV(l~ILE,IPH)•LAHHATJ+\IAL~IN 
VALVC=VALVC+IVALV~CCIPH,lVLVtlM1LtlSllt)*le~3H4&lS4•PINDEX) 
OHVLl~=VALV!~oo 0 J - . . 
VALVl~=v,LV!N+OHVLlN 
OIA,..::O(JSilt > 
W 10 11:. ( f. t c (d > 
lf (V<;.GJ • 1.00.1 c;o Tu bOJ: 
JFlAHVSobE.h~40oJ GU Ju bU~ 
lFC,..ATLfT.t~.lJ l:.LLlN=(EL~JSIClSlltJ*O•~•O~~*OlAM)oLAHRAT 
If" HIA TLF 1 •Eu. 1) TE~ IN= C rel: l ST (I~ l £E) oo • ~·u • ~·D.I AM> •LAt3HA t 
IFl~ATLFToGT.11 ELLIN=IELL1Si (lSlL~)~~.~•~IAMJ•LAdHAT 
lr(MATU r.e:;1.1, 11:.t..lN=(ll:.1:.l~T CI~I.lE.JOU.~•DIVU•LA~HAT 
PlPIN:PJPIST(lSILEJ~(LENG.H/lOO.>•LAHHAf 
I1H1AL=KOUN1+1 - , 
~~Jf~(6•2l9> lTHIAL,OlAM 
"'~lTEU1,c.'<t71 
UlJM2=DC,f'/Dl!>T 
lFITC=O. 
... 
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OS91 
O~"Jc:! 
O~'J.3 
0~',#4 
Q~<:,S 
Olil'Jfa 
Q:,~7 
O~'J8 
0~'/9 
ObQO 
CflC.l 
. Ob02 
O&C3 
06U4 
06U:> 
0606 
0607 
o'!:ivts 
'll~O'I 
0610 
Obll 
0_&12 
Obl3 
Ool4 
Ob15 
Of.lb 
0&17 
Obld 
0619 
C::>~O 
Otall 
Ob?~-
Obr!3 
Ob~+ 
0625 
01'>26 
Oh~7 
Ob~d 
Ob~~ 
0&.30 
OEdl 
0&32 
80 .. 
291 
20~ 
26~ 
601 
bO~ 
60.J 
bO .. 
1 .. 
l:, 
,-·1 r 1r,,-=o. 
l~CNl"ll5.EO.O> GO TO ~qJ 
00 «04 l=l•Nfll~ 
IF < Jt- I 1 'r t' ( I > • t:: o. l > r I I C < I I =ELL C < I ~ 1 Lt:: • 1 :i.C HD I:. , MA 1 L FT ) 
lFCJfllYP(l).f.u.~> F.JICCl>::11::E.C(I::,llE:.,l:,CHl)t.,MAILFT> 
lFCJFIIY~<l>.tU.l) flllN~tlTl~•ELLlN . 
1 F -( Jt· I Tl t' C l ) • t:J> • ~ ) t' 1 I l N = I" 1 1 lf~ • I t: ~ 1 N 
1 f 1 TC= I I t- 1 I C • I- l I C ( I ) • I' Hu> t. .i< > . 
P u·c=r> 11-1: c < 1 ~ 1 LE.. 1 ~c.11L•I-'. !11A, LP..,, 0 LLNG 1 H*P 1 NO!:.,. 
t"NliC=FLf•C < l!:>ILt-.• i!:>C•tl)I' .~,A l'Lf· Ll •t-LOA 1 (Nf- L6S) ilt-'lNOEX 
AJN~C.~=~tN5C(l~llt.•MAILltifHlCK)~LENGIH•~lNOEX 
IF<t~s.Eu.~> Al~sc~~o.o · 
JF(~f-L&:,.EQ.OI FNGC=o.o 
1FlNVALVE.EU.OJ VALVC=o.o 
JF(N~AL~t:..E~.u) VALVJN=O•U 
~Hllt <b•~44l VALVl~•Pl~l~;fLTl~ 
~~lltlht~<t3) FNGC•VALVC,~lµC•Al~SCS,TF1rc 
CALL or- LP 
H <K,\~l~kl .E.<.i.l> <:iO TO 101)~ 
.-
CALL ~Ci\"CST 
w~lTE<b•ib::SJ 
FOH•IAT(////lX••••••0 ••••••0 ••••••ooooooooooooooooooooooooooooooooo 
- . . . . ·•· 
1•0•0•00~0••~•000••> 
wHl Tl· (t",114) . 
C"•'-L : co". 
wklTE<~,l~l DIAi"! 
t,(J TO lt,.)0 
IF<~~Dtl.EU.l) Wti=W 
lF(~UJtJ.lU.l> HHUb=HHO 
lHA'l""U·Cll3 .. ( (wli/HHU)••o.~> 
WH11L(t•bQ~> UlA~ 
FUH~Al {//iX•'UlAM ~ASElJ 0~ MAXIMU~ VELOCITY OF •OO FT/SEC•eSX• 
l I I) I AM=' • f. l ;i. b > 
bO TU lC.uO 
lF(~U~ll.tU.v) wL~W 
IF l"lll~>lJ .Et.l.O) t<HUL=kHO 
lJIA"i:..:IJ.C,'"ict'- ( h•L••O.',)/ (l~ttOL**U.~~)) 
~k1Tt(b,bU4) UIAM .. 
~UH~All//2Xe 1 UlAM HAS~U UN HHO•(V••2) a6~~0 1 ~~~t•01AM••,El3e6) 
GU TU l 11110 
f-ON"IA·I (///2UA••rI1'UH. Ut.~UL1:i 1 ) 
fON~AT(///~X,•~IAM='•~lJ.~I 
.l '10 0 t<El I.JH:11 
t::NIJ 
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tmORTANT PnOGRAM VARIP.BLES 
AI1'1SCG Ins).llL.tion..<lo~t. incluliin1; factor for escalation 
AJG JG parameter for vertical,, two phase flow1 
flow 
regime corrella.tion 
AJL JL parameter for vertical, two phase flow
, flow 
regime corr.ellation 
ARVS r v2 for li:.uid in'1 two phase stream 
AVL AVL parameter in. Govier. ~adf ord and. Dunn, two phase 
flow regime c.rorrelation 
BHPCl·rP IncrementaU brake horsepo~,·er due to the pressure 
drop in thi? line under test 
BHPE~P Brake hor.seJQWer due to the pressure d~'op in the 
equipment eim:1. lines, excluding the line under test 
BHPPMP Incremental brake horsepower for the i . .Urrrp, due to 
the pressure drop in the line un1er test 
BHPTOT Brake horsepower due to the pressure drop iru!the 
equi~ment anci line.s 1 including the line under test 
BX BX parameter iJi'lBaker two phase flow regime correlatiom 
BY BY parameter in Baker two phase flow regllne correlation 
C~PC Total. yearlv cost, excludL~g power cost 
CHE.QP flow rate(gal/min) x (DPRESE-SPRESS) t used 'in 
calculatioa.of pumping equipment cost. 
QHTQT (low rate(g~l/min) x (DPHEST-SPi{ESS) ; used in 
~,. _ ·calculation of pumping equipment cost. 
poMPC. __ . Jppremental comprE}ssor equi1-ment cost d·:.ie to the 
~ressure drop in the line under test. 
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COMPCE Incremental cor.mressor e, 1uinment cost due to the 
pressure drop in the equipment and lines, not 
including the line under test. 
COMPCT Compressor eq_ui;ment cost due to the pressure 
drop in the equipment and lines, including the line 
under test. 
DC D~PREC/DPTIME 
DDP :eressure droij.for the line under test 
DPL ~ PTp/l). P1 * parameter in Chenoweth Hartin, two phase 
pressure drop correlation. 
DPRESE Discharge pressure of pump or compressor, based on 
pressure drop in e~Uif·ment and lines. not including 
the li.~e under test. 
DPREST Djj,Scharge pressure of pump or compressor. based on 
DPTPL· 
pressure cirop in e(Juipment and lines, incluciing the 
line under test. 
Two. pha~e pressure o..rop per unit lengtn(psi/ft), 
for line uno.er test 
DPVDPL ~pG*/~PL * parameter in Cheno eth Martirr., two 
EFFCY 
phase. pressure drop correlation • 
Efficiency of Pump or comnressor. 
ELLIST Installation cost due to handling, for 90°; ellbows 
ESC EscaJ..iation factor for pumps and com-pressers 
ETA.- (GAM- 1.0)/GAM 
1 .~ -
F Fa~ing friction factor for' s-i1~gle phase flow, 
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Fanning "friction factor for the li·:uid phase - t~ro 
phase 'flow . 
factor, depe~dent on.compos'ition of pump, used in the 
calnulation of pu.iip. equipment co'st . 
FMGC Total cost of the flanges in the line to be si'zed 
FO fs:ictor., depe!)dent on suction pressure, used in the 
calculation of pump equipment c·ost 
FRM FRM parameter in Griffith and Wallis. two phase 
FV 
GA.'i 
GG 
GL 
GP1~ 
IJl 
flow regime correlation 
Fanning friction factor for the gas phase - two phase 
flow 
CP/CV 
WG/(Area.or pipe) , used in Chenoweth Martin, two~ 
phase. correlation 
'WL/(Inside area of pipe), used in ChenoHeth Mart.in. 
two phase correlation 
Total(li4uid an~ vapor) fl-:-w rate, expressed ii;I gal/min. 
Series of starting values of 1SIZB, for pipes of 
various schedules and materials. as stored :in the· 
data statements. 
IJ2 Second series·or starting values of ISIZE,,for pipes 
of various s.c.hedules and materials, corresponding 
to the change in notation from schedules to wall 
' J' thickness, as stored#·in the data statements. 
·t 
,. ' !! .. 
1 •.: I Vv 
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! 
0 
0 
0 
0 
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I~mEX Peramet,:.-r ir. cptir.:izntion routine, set to 1 if 
diameter is to be increased, and. set to -1 if 
diameter is to be decreased 
INSTV InstallatiolD:tfor valvus in manhours 
!SIZE Parameter ~d to renrcsent the inside diameter 
in. performin:I the calculations,, and in··selecting 
prices which are stor~d in arrays 
ISTCMP Instaliation cost for compressor (based on i?!Cremental 
compressor e:.uipment cost) 
ISRTE StG.rting values of !SIZE for e·11bo1-;s, as· stored in 
the data statements. 
ISRTEl Starting values of !SIZE for ellbows, as stored in. 
array 
ISRTF Starting values of I.SIZE for flanges, as stored in1 
the data statements 
ISRTFl Starting values of IE. IZE for flanges, as stored in 
array 
ISRTPi Series of starting values of ISIZE,, for pipes of 
various schequles and materials, as stored in arra:r.. 
I 
ISRTP2 Recond series of starting values of ISIZE, for pipes 
of various schedules and materials, corres;,onding 
to the change in notation fro1;; schedules to 1.-:all 
tt_l.ickness, as stored. in array. 
IS~TT S~arting values of ISIZE for tees,)as stored in. 
the data statements 
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\ 
I C:r.,l'f'ITl· ........ Starting v~lu~s of ISIZ~ for 
+c,,.. 
v • .._ . .:, 1 
array. 
ISTPE '' l' l! Stopping values or ISIZE for ellbows, as stored in 
the data statements 
ISTPEl Stonping values of ISIZE for ellbows,. ?,S stored in 
array 
ISTFF Stopping values of ISIZE for flanges, as stor.ed in 
the data statements 
ISTPFl Stonping values of ISIZE for flanges, as stored in 
arrays 
ISTFPl First stopping value of !SIZE frir pipingv 
corrt::sponding to the change in notation from 
schedules to wal.l thickness as stored in array 
ISTPP2 8-.;:cond s ~-.pping value of !SIZE for fiiping, 
corresponding to the end of pricing information 
for a particular _wall thickness, as stored in urray 
ISTPMP Incremental installation ·cost for pump 
J.Il 
JI2 
First stopping value of !SIZE for piping, 
corresponding to the change in notation from 
schedules to Fall thicknes~ as stored in the 
data statements 
second stopping value of ISIZE for pip~ng,, 
'corresponding to the end of pricing information 
for a par~icular wall thickness, as stored in 
the data statements 
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KABORT Set equal to l in subroutine DELP, if DPVDPL is 
outside of the range o! Vb.lues which can c.e used im 
LVF 
M 
• 
the inter:r;olation., for determining a two phase 
pressure drop 
Liquid volume fraction for two phase flow 
7. 
Flo~ rate(ft0 /roin) 
NFV Number of fittings and valves 
OHVLIN overhee.cl on the installation. cost of valves 
OLD Total cost from j.Jrevio11s iteration in optimization1 
routine 
PA.RAM! (XX) x (BVG); Parrtrrieter in Gcvie'r cS.n-:1. Aziz two 
PARAM2 
phase, flow regitle porrelatiorn 
(YY) x (BVL)J ParAmeter in Govier and Aziz two 
phase., flow regime correlation·. 
PINDEX Escallation: factor for piping, .. fittings, valves 
PIPC 
PIPEC 
PIPIU 
;;.nd insulation 
Total piping cost for line under test. 
Piping prices($/ft) as stored in arrays 
Total ins~o.llation cost for piping 
PIPIST tnstallationncost due to handling, for piping 
POMPC 
PUMPCE 
Incremental pump equipment cost,, a.~ie to th~ 
pressure drop in the line to be sized 
Incremental pump equif,merit cos-c due to the 
pressure dror in the ~quipment and l~nes, not 
including the line to be sized 
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PUMPCT 
PWR 
QG 
Pump.equipment cost due to the pressure drop in 
--
the ·equipment and lines,,including the line to 
be s·ized 
Yearly power cost for electricity or steam, used to 
power the pump or compressor 
Gas flow rate(rt3/sec) 
QL Liquid flow rate(rt3/sec) 
RE Reynolds number for single phase flow 
REG Revnolds number for the ga.s phase; two phase flow 
REL Revriolds number for the liG.uid phase; t"r10 phase 
flow 
RV QG/QL 
RVS 
SUMK 
~ v2 f.or. single !-'hase ,. liquid .flow 
The sum of all of the (L/D) factors for all fitting·s 
and valves 
T~IST Installation co~t for tees, due to handling 
TFITC Total cost of all fittings in the line to be sized 
TOTC CAPC + PWR 
V Velocity(ft/sec) for single phase flow 
VALVC total cost for th~ valves in the line to be sized 
VALVEC Valve c.osts as stored in array 
VALVI?t'i Ins~allation c.ost f.or all of the valves in the 
· ,line to be sized 
1fG ·. ·Vapor ·velocity for two ;.;hase flow 
VL Liq_uid velocity (ft/sec) ,ror two :phase flow 
VVF VO/(VG + VL) 
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VITA. 
Christopher M. Kralik was born in·;Webster., :Mass •• om 
June 3~, 1951. too Mr. Rnd Mrs •• Andrew F •. Kralik. ge attended 
Bar~·lett !Ugh School 1m Webster,, Mass. and rece1ved the 
degree of Bachelor of Scien.ce innChemical Engineertng fronn 
Worcester Polytechnic Institute in June of 1973 •• 
In:,Sentember of 1973. he enrolled as a graduate 
student at Lehigh University, where he studied under the 
Master Is :Cesign Qpt:i.on program., im conjµrtttion vi th 
Air Prnducts and Chemicals .Ibc. inn Allentowm, Pa. 
He was awarded the degree of Master of Science im 
Chemical Engin·eering from Lehigh Um.versity innJanuary of 
1975. 
Mr. Kralik is cul_'rently employed as a Chemical Entirreer 
in., ihe Process Design Di iisiom of Exxon Research and 
Engineering Co .. of Florham Park. W~J~., and res'icies im 
Randol-oh., ~t;J.:. He is a memper of the .Pu'llerican Institute of 
Chemical Engineers. 
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